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Executive Summary

ES.1 Introduction

Purpose

The purpose of this feasibility study (FS) is to assemble and evaluate remedial
alternatives for Operable Unit (OU) 3 of the Comnell-Dubilier Electronics (CDE)
Superfund Site (Site) [EPA ID: NJD981557879] located in South Plainfield, New Jersey.
OU3 addresses the contaminated groundwater portion of the Site. This FS was conducted
on behalf of the U. S. Army Corps of Engineers (USACE), Kansas City District and the
United States Environmental Protection Agency (USEPA), Region II.

The FS was prepared in compliance with the requirements of the Comprehensive
Environmental Response, Compensation, and liability Act (CERCLA) of 1980, as
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). The
FS follows guidance outlined inh the USEPA’s Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERLCA (USEPA, 1988). Together with
the Remedial Investigation (RI) of OU3 and the Baseline Human Health Risk Assessment
(BHHRA) for OU3 (Louis Berger Group, Inc. [LBG] and Malcolm Pirnie, 2011) the FS
forms the basis for developing, evaluating, and selecting remedies for OU3.

Site Location and Background

Comell-Dubilier Electronics, Inc. operated from 1936 to 1962, manufacturing electronic
parts and components, including capacitors. The company allegedly released material
contaminated with polychlorinated biphenyls (PCBs) and other hazardous substances,
including chlorinated solvents, directly onto the soil during its operations. USEPA
detected PCBs in the groundwater, soil, and in building interiors at the former CDE
facility and at nearby residential, commercial and municipal properties. USEPA also
detected PCBs in the surface water and sediments of Bound Brook, which is adjacent to
the former CDE facility’s southeast corner. The Site has been divided into four Operable
Units (OUs) by the USEPA. Operable Unit 1 (OU1) addresses residential, commercial,
and municipal properties in the vicinity of the former CDE manufacturing facility (the
former CDE facility) at 333 Hamilton Boulevard. The USEPA signed a Record of
Decision (ROD) for OU1 in 2003. Operable Unit 2 (OU2) addresses contaminated soil
and buildings at the former CDE facility. The USEPA signed a ROD for OU2 in 2004.
OU3 addresses contaminated groundwater and Operable Unit 4 (OU4) addresses Bound
Brook.
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ES.2 Remedial Investigation Results ‘
The OU3 Remedial Investigation (RI) concluded that the following classes of chemical
compounds were the primary contaminarits of concern (COCs):

VOC:s, particularly chlorinated ethenes

PCBs

Inorganics

PCBs -like Dioxins and Furans

Pesticides

SVOCs

VOCs were the primary COCs used to define the extent of contamination due to their
relative mobility in groundwater. In addition, because of the magnitude of the historical
VOC groundwater concentrations at the former CDE facility, it was anticipated that their
extent would be greater than or equal to the other COCs.

The RI found that dense non-aqueous phase liquids (DNAPL), comprised predominantly
of VOCs (chlorinated ethenes), entered the bedrock groundwater through the overburden.
Over time, dissolution enhanced by groundwater advection and diffision-driven mass
transfer from the groundwater into the rock matrix has reduced the amount of DNAPL in
the source area. Reactive liner data showed that DNAPL was only present at the source
area (MW-148S). This was confirmed during OU2 soil remedial activities when product
was observed at the bedrock surface during excavation efforts. The residual DNAPL in
soils was removed as part of QU2 activities, and a relatively small fraction of residual
DNAPL likely remains in fractured rock. Rock matrix results show that a large amount
of contaminant mass has diffused into the rock matrix. These data show that the aqueous
contaminant mass down gradient of the facility is the result of advective transport of
dissolved mass and potential back diffusion out of the rock matrix, and is likely not the
result of active DNAPL migration.

The highly conductive fracture network allows for the vertical and horizontal advection
of groundwater and aqueous VOC mass. Because the fracture network is so pervasive, it
provides a relatively large surface area for the VOCs to sorb onto and then diffuse into
the rock matrix. The pore volume of the rock matrix is nearly two orders of magnitude
larger than the fracture network, allowing it to hold the majority of the contaminant mass.
Once the aqueous contaminant mass has diffused into the rock, it is left nearly immobile
because of the low hydraulic conductivity of the rock matrix. However, there is a
continual exchange of contaminant mass with passing groundwater driven by
concentration gradients. In addition to sorption and diffusion, microbiological analyses
indicate that the degradation of CVOCs is occurring, which contributes to the retardation
of the advance rate of the leading edge of aqueous contaminant mass.
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The aqueous contaminant mass migration has also been influenced by historical
intermittent pumping at Spring Lake, which took place between 1964 and 2003,
intermittent pumping at the Tingley Lane wellfield, and by ongoing withdrawals at the
Park Avenue wellfield. Although the general direction of groundwater movement
beneath the former CDE facility is to the north-northwest, the pumping centers to the
north and east of the former CDE facility redirected the groundwater movement and mass
transport. Today, groundwater extraction at the Park Avenue wellfield, along with
potential groundwater discharges to Bound Brook and Spring Lake, are the dominant
hydraulic influences on the regional and local hydrogeology.

When Spring Lake pumping ceased in 2003, the groundwater flow regime began to revert
to a condition similar to the previous hydrogeologic regime dominated by the Park
Avenue wellfield. Groundwater levels rose nearly five feet at the former CDE facility
(this water level rise may not be entirely due to cessation of pumping at Spring Lake, but
could also have resulted from potential increased recharge), Bound Brook became a
potential gaining stream, and groundwater movement near the former CDE facility
shifted to the northwest, rather than north to Spring Lake. In addition, the flow field to
the north of Bound Brook shifted to the northeast due to ongoing groundwater extraction
at the Park Avenue wellfield. These changes in conditions likely resulted in advective
redistribution of the aqueous contaminant mass. In areas where concentrations of
aqueous contaminants in fractures are greater than those in the adjacent matrix pore
water, contaminant diffusion into the rock occurs, attenuating advective distribution of
the aqueous contaminant mass. Furthermore, back diffusion of contaminants out of the
matrix (pore water) occurs in areas where the contaminant concentration gradient
between the rock mattix and the aqueous phase in fractures supports the process, which
may contribute to ongoing groundwater contamination over a very long period of time
(usually in multi-decade-to-multi-century timeframes). As a result, the contaminated
aquifer cannot be restored to its highest beneficial use (potable water supply) in a
reasonable timeframe and at a reasonable cost.

In support of the RI/FS process, contaminant (chlorinated VOC) fate and transport
modeling was conducted to evaluate the extent of contaminant migration in the bedrock
groundwater and the impact of potential source treatment remedies. Fate and transport
simulations conducted using the FRACTRAN model showed that contaminant migration
in the fracture network is much slower than groundwater flow rates in fractures, due to
attenuation processes including diffusion of mass from fractures to the rock matrix. The
effects of source removal were also modeled and the results show little impact from
complete removal of source mass input on persistence of the downgradient plume, which
may be expected given that the majority of the contaminant mass exists in the rock
matrix. While some minor improvements in groundwater quality internally within the
plume are achieved from complete source removal or cutoff, the time to achieve such
benefits are extremely long and concentrations still remain elevated for very long time
periods (i.e., on the order of several hundred years). These simulations also suggest
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efforts to completely remove source inputs would have negligible impact on conditions
nearer the plume front within any reasonable timeframe.

ES.3 Remedial Action Objectives

As indicated in the USEPA document Technical Impracticability Decisions for Ground
Water at CERCLA Response Action and RCRA Corrective Action Sites (USEPA, 1998), a
NAPL release in fractured sedimentary bedrock is an example of site conditions that may
pose technical limitations to aquifer restoration. At OU3, the RI demonstrated that a
significant portion of the contaminant mass now resides in the low-permeability rock
matrix where groundwater is nearly immobile; therefore, implementation of remedial
technologies that are typically capable of removing mass from the fractures only is futile
due to back diffusion.

While evaluating potential remedial technologies for this FS, the technical feasibility of
aquifer restoration was also evaluated. Based upon the findings of the potential for
aquifer restoration, it was concluded that a waiver of the groundwater Applicable or
Relevant and Appropriate Requirements (ARARs) is recommended due to technical
impracticability (TI). A stand-alone TI Evaluation Report (TIER) was prepared to
document the need to waive ARARs. The TIER documents the specific ARARs being
waived and the area where a TI waiver is needed.

Wells used to supply groundwater for potable and non-potable uses are located within a
1-mile radius of the former CDE facility. When restoration of groundwater to beneficial
uses is not practicable, USEPA expects to prevent further migration of contaminants,
prevent exposure to the contaminated groundwater, and evaluate further risk reduction.
The RAOs for OU3 were developed to satisfy these expectations with respect to
prevention of exposure to contaminated groundwater via direct contact, ingestion, or
inhalation. The RAOs for OU3 are as follows:

B Prevent migration of contaminants to areas beyond the TI zone.

W Reduce the potential human health and ecological risks to receptors from
exposure by contact, ingestion, or inhalation of contaminated groundwater.

ES.4 Remedial Alternatives

Potential remedial technologies were screened based on the criteria of effectiveness,
implementability, and relative cost. Development of remedial alternatives was conducted
according to the requirements identified in CERCLA, as amended, and to the extent
possible, the National Contingency Plan (NCP). The following six alternatives were
proposed for the groundwater at OU3.
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Alternative 1: No Action

Alternative 1 was developed from the NCP provision that requires consideration of a
limited or no action response to serve as a baseline for evaluating other remedial
alternatives. The No Action response does not include any containment, removal,
disposal, .or treatment of contaminated groundwater. In accordance with OSWER
Directive 9283.1-33 (June, 2009), it also does mot include new or existing institutional
controls. Existing monitoring wells would remain in place. Any improvement of
groundwater quality would be through natural attenuation including biodegradation,
adsorption or diffusion into the rock matrix, dispersion, and dilution. Because hazardous
contaminants remain at the Site under this alternative, five-year remedy reviews are
required under CERCLA Section 121(c). Therefore, groundwater monitoring is required
under this alternative to provide data to prepare the five-year remedy reviews.

Alternative 2: Monitored Natural Attenuation (MNA) with Institutional

Controls (ICs)

Alternative 2 was developed to demonstrate reduction of contaminant concentrations by
natural processes. Alternative 2 relies on natural mechanisms including dispersion,
diffusion, dilution, adsorption, and biodegradation to reduce concentrations of
contaminants in groundwater. Comprehensive monitoring is a required component to
evaluate and verify the progress of MNA, as is a contingency plan that defines the
appropriate response actions(s) should MNA not perform as expected. Institutional
controls would be implemented to prevent or reduce exposure to hazardous substances.
A groundwater CEA would be established in accordance with New Jersey regulations.
Because hazardous contaminants remain at the Site under this alternative, five-year
remedy reviews are required under CERCLA Section 121(c).

Alternative 3: Source Area Hydraulic Control at the former CDE facili

using Groundwater Extraction Wells (includes MNA and ICs)

This alternative involves controlling the discharge of contaminated groundwater from the
source area (defined as the former CDE facility boundary for this alternative), thereby
reducing contaminant mass flux from the former CDE facility to down gradient
areas/receptors. Alternative 3 also includes MNA and ICs, as discussed in Alternative 2.
Hydraulic control of groundwater would be accomiplished by extracting contaminated
groundwater at a rate of approximately 40 gallons per minute (gpm) via two vertical
extraction wells, each approximately 130 feet deep. Two discharge options are evaluated
for treated groundwater: discharge to MCUA (Alternative 3a) and discharge to Bound
Brook (Alternative 3b).

Alternative 4: Source Area Thermal Treatment (includes MNA and ICs) at

the former CDE facility

The conceptual design for Alternative 4 involves thermal treatment using two thermal
treatment process options: thermal conductive heating (TCH) (also known as in-situ
thermal desorption (ISTD)) and steam-enhanced extraction (SEE). The goal is to remove
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contaminant mass from the source area located at the former CDE facility to reduce
contaminant mass flux from the former CDE facility. This alternative would be
accomplished by installing and operating heater wells, vapor/multi-phase extraction
wells, and steam injection wells to vaporize/desorb VOCs from the subsurface and bring
them to the surface for treatment. Alternative 4 includes implementation of institutional
controls as well as detailed monitoring for natural attenuation, as discussed for
Alternative 2.

Alternative 5: Source Area In Situ Chemical Oxidation (includes MNA and
ICs) at the former CDE facility

The conceptual design for Alternative 5 involves in-situ chemical oxidation (ISCO) at the
former CDE facility with high pH-activated sodium persulfate, which would oxidize the
chlorinated ethenes in the injection area. The goal is to remove contaminant mass from
the source area located at the former CDE facility to reduce contaminant mass flux from
the former CDE facility. It is expected that the ISCO applications will treat most of the
contaminant mass present in the rock fractures, but only a portion of contaminant mass
present in the rock matrix. This alternative would be accomplished by installing injection
‘wells and injecting persulfate quarterly for a period of five years. Alternative 5 includes
implementation of institutional controls as well as detailed monitoring for natural
attenuation, as discussed for Alternative 2.

Alternative 6: Source Area In Situ Bioremediation (includes MNA and ICs

at the former CDE facility

The conceptual design for Alternative 6 involves in situ bioremediation via enhanced
anaerobic biodegradation at the former CDE facility. Bench microcosm studies
performed during the RI demonstrated that, under optimal conditions for anaerobic
biodegradation (i.e., addition of carbon substrate and nutrients), complete transformation
of TCE to ethene occurred in groundwater samples. The complete dechlorination of TCE
to ethene indicates that dechlorinating bacteria are naturally present at these locations.
The conditions required for anaerobic biodegradation of chlorinated ethenes may be
created in the field by adding carbon substrates that are fermented by a wide variety of
organisms, producing hydrogen gas. The hydrogen gas may then be used by
dechlorinating bacteria as an electron donor in the reductive dechlorination of chlorinated
ethenes.

This alternative would be accomplished by installing injection wells and injecting
emulsified vegetable oil (EVO) annually for ten years. The EVO applications will treat
most of the contaminant mass present in the rock fractures but only a fraction of
contaminant mass present in the rock matrix (through back-diffusion to the fractures).
Therefore, after the completion of bioremediation treatment, detailed MNA monitoring
would be performed for a timeframe similar to that described in Alternative 2 (i.e., on the
order of decades or centuries).
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ES.5 Comparative Analysis of Remedial Alternatives
Overall Protection of Human Health and the Environment

With the exception of Alternative 1 (No Action), all of the alternatives include
institutional controls to mitigate identified potential risks resulting from exposure to
groundwater through pathway elimination. Therefore, Alternatives 2 through 6 would be
protective of human health and the environment. Alternative 1 would not be protective
of human health and the environment since it does not include measures to prevent
exposure to groundwater.

Compliance with ARARs

A TI Zone has been established to capture OU3 and ARARs have been waived within the
TI Zone.

Long-Term Effectiveness and Permanence

As discussed previously, the FRACTRAN model results indicate that source area
treatment will have little impact on the persistence of the downgradient plume. While
some minor improvements in groundwater quality within the plumeé are achieved from
source area treatment, the time to achieve these benefits is very long and concentrations
still remain elevated for very long time periods (i.e., on the order of several hundred
years).

The long-term effectiveness of natural attenuation processes was evaluated using the
FRACTRAN model. The model results indicate that chlorinated ethenes will persist at
concentrations exceeding ARARs for very long time periods. However, the expectation
is that the rate of plume front migration is very slow due to the effects of matrix
diffusion. Therefore, although Alternatives 3, 4, 5, and 6 may locally improve
groundwater quality, the long-term effectiveness of all the alternatives, including
Alternative 2 (MNA with ICs), would be equal.

Reduction of Toxicity. Mobility. and Volume

Alternatives 4 (Thermal Treatment), 5 (ISCO), and 6 (Bioremediation) would all partially
meet the preference in CERCLA for treatment on site and would result in a reduction in
the volume of COCs in the MW-14 area, and at least a temporary reduction in mobility of
COCs to downgradient portions of the plume. Alternative 3 (Hydraulic Control), would
result in a reduction of mobility to downgradient portions of the plume as long as the
system is in operation. Of these alternatives, Alternative 4 would likely be the most
effective overall. However, as it has been demonstrated that source removal at plumes in
fractured sedimentary rock will not likely improve conditions downgradient in the plume,
all of the alternatives, including Alternative 2 (MNA with ICs), would be equal equally
effective at reducing toxicity, mobility, and volume of the entire QU3 area. |
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Short-Term Effectiveness

Alternatives 3 (Hydraulic Control), 4 (Thermal Treatment), and 5 (ISCO) would involve
construction and/or in-situ treatment hazards that could pose a risk to site workers or the
surrounding environment. However, it is anticipated that these risks could be mitigated
through the use of engineering controls, safe work practices, and personal protective
equipment. All of the alternatives except Alternative 1 (No Action) involve the drilling
and sampling of monitoring wells, which is expected to pose minimal risks to site
workers and the surrounding environment.

Implementability

Alternative 2 (MNA with ICs) could be readily implemented using commonly available
technologies and with minimal design or permitting. Alternatives 3 (Hydraulic Control),
5 (ISCO), and 6 (Bioremediation) could also be readily implemented; however, all three
would require permitting (underground injection or surface water/sewer discharge).
Alternatives 5 and 6 would require some design as well as bench and/or field-scale pilot
testing, while Alternative 3 would require full-scale plans and specifications for
construction of the groundwater extraction and treatment infrastructure. Alternative 4
would likely be the most difficult to implement due to the energy, permitting, and heating
controls/infrastructure required.

Cost

The costs for each alternative (except for Alternative 1) were developed on the basis of
preliminary engineering designs to meet the RAOs. The estimated present value costs
range from $2.1 million for Alternative 1 to $39 million for Alternative 3 (sewer
discharge scenario).
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1. Introduction

1.1. Purpose

The purpose of this feasibility study (FS) is to assemble and evaluate remedial
alternatives for Operable Unit (OU) 3 of the Cornell-Dubilier Electronics (CDE)
Superfund Site (Site) [EPA ID: NJD981557879] located in South Plainfield, New Jersey.
OU3 addresses the contaminated groundwater portion of the Site. This FS was conducted
on behalf of the U. S. Army Corps of Engineers (USACE), Kansas City District and the
United States Environmental Protection Agency (USEPA), Region II.

The FS was prepared in compliance with the requirements of the Comprehensive
Environmental Response, Compensation, and liability Act (CERCLA) of 1980, as
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). The
FS follows guidance outlined in the USEPA’s Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERLCA (USEPA, 1988). Together with
the Remedial Investigation (RI) of OU3 and the Baseline Human Health Risk Assessment
(BHHRA) for OU3 (Louis Berger Group, Inc. [LBG] and Malcolm Pirnie, 2011) the FS
forms the basis for developing, evaluating, and selecting remedies for OU3. The FS
involves the following general steps:

B Identifying remedial action objectives (RAOs) based on Applicable or Relevant and
Appropriate Requirements (ARARS);

B Identifying general response actions;

B Identifying potential treatment and containment technologies and the associated
process options;

B Screening the various technologies and process options based on their effectiveness,
implementability, and cost;

W Assembling the selected technologies and process options into remedial alternatives
for remediation of contaminants at OU3; and

B Performing a detailed analysis of the remedial alternatives by assessing them against
seven evaluation criteria (evaluation against the state acceptance and community
acceptance criteria is performed following comment on the FS report).
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1.2. Report Organization

This report is organized into seven sections. A brief description of each section follows:

Section 1.0, INTRODUCTION, presents an overview of Site background information
including a description and history of the site, site geologic and hydrogeologic
conditions, and the site’s hydrology, ecology, and demographics.

Section 2.0, REMEDIAL INVESTIGATION FINDINGS, presents a summary of the
nature and extent of contamination, contaminant fate and transport, a summary of human
health risks, and the site conceptual model.

Section 3.0, REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE
ACTIONS, provides a discussion of the ARARs associated with the Site, a description of
the preliminary remediation goals (PRGs) selected to meet the RAOs, and identification
of the RAOs. In addition, general response actions (GRAs) capable of meeting the RAOs
are discussed.

Section 4.0, EVALUATION AND SCREENING OF TECHNOLOGIES AND
PROCESS OPTIONS, presents a review of remedial technologies and process options
that may be utilized for the general response actions identified in Section 2. The

technologies are screened for applicability for use in developing remedial alternatives for
ous.

Section 5.0, ASSEMBLY OF REMEDIAL ALTERNATIVES, presents the
development and conceptual description of remedial alternatives.

Section 6.0, DETAILED EVALUATION OF REMEDIAL ALTERNATIVES,
provides a detailed analysis of the remedial alternatives. Each alternative is evaluated
based on its overall protection of human health and the environment, compliance with
ARARs, long-term effectiveness, reduction of toxicity, mobility, and volume, short-term
effectiveness, implementability, and cost.

Section 7.0, REFERENCES, identifies reference documents used for the preparation of
this FS report.

The following sub-sections provide an overview of the Site location and background, a
summary of previous Site investigations, and descriptions of the key physical attributes,
surrounding land uses, and demographics.

1.3. Background and Setting

Cornell-Dubilier Electronics, Inc. operated at 333 Hamilton Boulevard from 1936 to
1962, manufacturing electronic parts and components, including capacitors. The
company allegedly released material contaminated with polychlorinated biphenyls
(PCBs) and other hazardous substances, including chlorinated solvents, directly onto the
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soil during its operations. USEPA detected PCBs in the groundwater, soil, and in
building interiors at the former CDE facility and at nearby residential, commercial and
municipal properties. USEPA also detected PCBs in the surface water and sediments of
Bound Brook, which is adjacent to the former CDE facility’s southeast corner. The Site
has been divided into four Operable Units (OUs) by the USEPA. Operable Unit 1 (OU1)
addresses residential, commercial, and municipal properties in the vicinity of the former
CDE manufacturing facility (the former CDE facility) at 333 Hamilton Boulevard. The
USEPA signed a Record of Decision (ROD) for OU1 in 2003. Operable Unit 2 (OU2)
addresses contaminated soil and buildings at the former CDE facility. The USEPA signed
a ROD for OU2 in 2004. OU3 addresses contaminated groundwater and Operable Unit 4
(OU4) addresses Bound Brook.

As such, the following terminology will be used throughout this report:

The “Site” refers to all four OUs which comprise the CDE Superfund Site, and the extent
of each OU investigation;

The “former CDE facility” refers to the physical extent of the industrial park operated at
333 Hamilton Boulevard. This is approximately equivalent to the extent of OU2; and

“OU3” refers to the geographic extent of the groundwater contamination and associated
investigation.

The former CDE facility is located at 333 Hamilton Boulevard in the Borough of South
Plainfield, Middlesex County, in the central portion of New Jersey (Figure 1-1) and
covers approximately 26 acres. Most recently, the property was known as the Hamilton
Industrial Park, and contained numerous buildings. These buildings were demolished in
2008 following relocation of the industrial park tenants.

The Spicer Manufacturing Company operated a manufacturing plant on the property from
1912 to 1929. They manufactured universal joints and drive shafts, clutches, drop
forgings, sheet metal stampings, screw products, and coil springs for the automobile
industry. The plant included a machine shop, box shop, lumber shop, sctap shop, heat
treating building, transformer platform, forge shop, shear shed, boiler room, acid pickle
building, and die sinking shop. A chemical laboratory for the analysis of steel was added
in 1917. Most of the major structures were erected by 1918. When the Spicer
Manufacturing Company ceased operations at the facility, the property consisted of
approximately 210,000 square feet of buildings (FWENC, 2002).

After the departure of the Spicer Manufacturing Company, CDE manufactured electronic
components, including capacitors, from 1936 to 1962. It has been reported that the
company also tested transformer oils for an unknown period of time. PCBs and
chlorinated organic degreasing solvents were used in the manufacturing process, and it
has been alleged that during CDE’s period of operation, the company disposed of PCB-
contaminated materials and other hazardous substances at the facility. It has been
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reported that the rear of the property was saturated with transformer oils and capacitors
were also buried behind the facility during the same time period (FWENC, 2002).

Since CDE’s departure from the facility in 1962, it has been operated as a rental property
consisting of commercial and light industrial tenants. Numerous tenants have occupied
the complex. In 2007, the USEPA began implementing the OU2 ROD with the
relocation of the tenants at the industrial park and demolition of the 18 buildings.
Relocation of the tenants was completed in mid-2007, demolition of buildings was
completed in May 2008, and OU2 soil remedial activities are ongoing. An aerial
photograph of the CDE facility dating from 2007, showing the locations of former
buildings, is included as Figure 1-2.

The developed portion of the facility (the northwestern portion) comprised approximately
45 percent of the total land area and contained temporary asphalt capping following
building demolition, a system of catch basins to channel stormwater flow, and paved
roadways. Several of the catch basins drained into a stormwater collection system whose
outfalls discharge at various locations along Bound Brook. The other 55 percent of the
property was predominantly vegetated before the OU2 remedial activities began. The
central part of the undeveloped portion was primarily an open field, with some wooded
areas to the northeast and south, and a deteriorated, partially paved area in the middle of
the undeveloped portion of the facility. The northeast and southeast boundaries consisted
primarily of wetland areas adjacent to Bound Brook, which flows from the eastern comer
across the northeastern border of the undeveloped portion of the facility (FWENC, 2002).
Once OU2 remedial activities are completed (anticipated to be in late 2011), the entire
former CDE facility will be covered by an asphalt cap with a stormwater collection
system.

1.4. Site Location

The Site is located in the Borough of South Plainfield, northern Middlesex County, in the
. central portion of New Jersey. According to the 2006 Census estimate, South Plainfield
has a population of approximately 22,795 people with a total land area of approximately
8.4 square miles (City-Data.com)

The Site includes a fenced, 26-acre facility that is bounded on the northeast by Bound
Brook and the former Lehigh Valley Railroad, Perth Amboy Branch (presently Contrail);
on the southeast by Bound Brook and a property used by the South Plainfield Department
of Public Works; on the southwest, across Spicer Avenue, by single family residential
properties; and to the northwest, across Hamilton Boulevard, by mixed residential and
commercial properties. The area surrounding the former CDE facility represents an
urban environment with principally commercial and light industrial use to the northeast
and east, principally residential development to the south and directly north, and mixed
residential and commercial properties to the west. In 2007, USEPA began implementing
the OU2 ROD with the relocation of the tenants at the industrial park and demolition of
the buildings at the former CDE facility. Relocation of the tenants was completed in
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mid-2007, demolition of buildings was completed in May 2008, and OU2 soil remedial
activities commenced in late 2008 and are ongoing.

1.5. Previous Investigations

Table 1-1 summarizes the project history and enforcement activities associated with the
Site. Environmental conditions at the former CDE facility were first investigated by the
New Jersey Department of Environmental Protection (NJDEP) in 1986. Subsequent
sampling by the NJDEP and the USEPA showed the presence of PCBs, VOCs, and
inorganic chemicals in facility soil, surface water, and sediment. In 1997, the USEPA
conducted a preliminary investigation of Bound Brook and also collected surface soil and
interior dust samples from nearby residential and commercial properties. These
investigations led to fish consumption advisories for Bound Brook and its tributaries. As
a result of these sampling activities, the Site was added to the National Priorities List
(NPL) in July 1998. Between 1997 and 2000, the USEPA ordered several removal
actions to be performed, including:

B Removal of PCBs in interior dust and removal of soil at residential properties located
west and southwest of the former CDE facility.

W Paving driveways and parking areas, installing a security fence, and implementing
drainage controls at the industrial park.

In 2000, a Remedial Investigation (RI) was conducted by Foster Wheeler Environmental
Corporation (Foster Wheeler) that included collecting soil, sediment, and building surface
samples, as well as installation and sampling 12 shallow bedrock monitoring wells (MW-
01A, MW-02A, and MW-03 through MW-12) at the former CDE facility (FWENC,
2002). Shortly thereafter, the USEPA divided the Site into four OUs as described above,
and issued RODs for OU1 and OU2, respectively, in September 2003 and September
2004.

The remedy specified in the ROD for OU2, which encompasses the former CDE facility,
included the following components:

W Excavating an estimated 107,000 cubic yards of contaminated soil containing PCBs at
concentrations greater than 500 parts per million (ppm) and contaminated soil that
exceed New Jersey’s Iimpact to Groundwater Soil Cleanup Criteria (IGWSCC) for
contaminants other than PCBs;

B Treating (on the former CDE facility) excavated soils amenable to treatment by Low
Temperature Thermal Desorption (LTTD), followed by backfilling of excavated areas
with treated soil;

W Transporting contaminated soil and debris not suitable for LTTD treatment to an off-
Site facility for disposal, with treatment as hecessary;
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M Excavating an estimated 7,500 cubic yards of contaminated soil and debris from the
capacitor disposal areas (CDAs) and transporting for disposal off-Site, with treatment
as necessary;

Installing a multi-layer cap or hardscape;
Installing engineering controls;

Restoring the property; and,

Implementing institutional controls.

In 2007, OU2 Remedial Action began with the removal of former CDE facility
structures, followed by excavation, treatment, and/or removal of former CDE facility
soils. The OU2 soil remedial activities are ongoing. -

In January 2008, seven deep bedrock wells (ERT-1 through ERT-7) were drilled by the
USEPA'’s Environmental Response Team (ERT) to assess the hydraulic properties of the
fractured bedrock and water quality of the bedrock groundwater up- and down-gradient
of the former CDE facility. The wells were drilled to an average depth of 150 feet below
ground surface (bgs). In February 2008, one additional deep bedrock well (ERT-8)
upgradient of the former CDE facility was also drilled. Prior to installation of these
wells, groundwater VOC samples were collected from multiple depths using packer
sampling techniques, targeting discrete water-bearing zones within each well. ERT-1
through ERT-6 and ERT-8 were completed in June 2008 with FLUTe™ multi-port
sampling devices. In August 2008, groundwater samples were collected from these seven
FLUTe™ wells' and the twelve shallow bedrock monitoring wells and were analyzed for
VOCs, semi-volatile organic compounds (SVOCs), pesticides, PCB Aroclors, and metals.
Figure 1-3 depicts the locations of the twelve shallow bedrock wells and eight deep
bedrock wells that were present at OU3 as of 2008. The 2008 groundwater data are
discussed in the OU3 RI report (LBG and Malcolm Pimnie, 2011b).

1.6. Physical Characteristics of the Site
The following is a general description of the physical characteristics of the Site.

1.6.1. Surface Features and Topography

Prior to ongoing OU2 remedial activities, the northwestern portion of the former CDE
facility (comprising approximately 45% of the total facility acreage) contained 18
buildings that have since been demolished. The land in this northwestern portion was
gently sloping, with pre-building demolition elevations ranging from 70 to 82 feet above
mean sea level (msl).

! ERT-7 was not constructed as a FLUTe™ well until September 2009; therefore, groundwater samples
were not collected from ERT-7 in August 2008.
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The remaining 55% of the land area was undeveloped and predominantly vegetated. The
central part of the undeveloped portion was primarily a flat, open field, with some
wooded areas to the south. A paved area in the middle of the former CDE facility is
where capacitor-related debris had been observed. This area was relatively level, with
pre-OU2 remediation elevations ranging from approximately 71 to 76 feet above msl.
The property drops steeply to the northeast and southeast, and the eastern portion of the
property consists primarily of wetlands bordering Bound Brook. Elevations in this area
ranged from approximately 71 feet above msl at the top of the bank to approximately 60
feet above msl along Bound Brook (FWENC, 2001). Ongoing OU2 soil remediation
activities at the former CDE facility have altered the surface topography. At the
conclusion of OU2 remedial activities, the former CDE facility will be covered by an
asphalt cap, gently sloping from the southwest to the northeast; storm water will be
collected by a series of catch basins and a detention basin, and will ultimately discharge
to Bound Brook.

1.6.2. Climate

The climate for Middlesex County is classified as temperate. Polar continental air masses
control the region’s winter weather and tropical air masses control sumimer weather. In
the summer, these tropical air masses, largely originating over the Gulf of Mexico, travel
about 1,000 miles over land before arriving in New Jersey. Although the heaviest rains
are produced by coastal storms of tropical origin, a portion of the air masses originate
from the Great Lakes. Prevailing winds are from the northwest from October through
April, and from the southwest the remainder of the year.

In South Plainfield, the temperature ranges from an average of 29 degrees Fahrenheit (°F)
in January to 75°F in July, with an average annual temperature of about 53°F (FWENC,
2002). Summer temperatures occasionally exceed 100°F and temperatures in the middle
to upper 80’s°F occur frequently. Winter temperatures generally are not below 20°F for
long time periods (FWENC, 2002). The average annual precipitation is approximately 49
inches. Precipitation occurs fairly evenly throughout the yeat.

1.6.3. Geology

The Site lies within the Piedmont Physiographic Province of New Jersey (Fenneman,
1938). The following sections contain a brief description of the surficial and bedrock
geology of the Site. More extensive information is presented in the OU3 RI report (LBG
and Malcolm Pirnie, 201 1b).

1.6.3.1. Surficial Geology

Quaternary and pre-Quaternary glacial and glacial-fluvial deposits overlie bedrock across
much of the northern portion of New Jersey. Based on regional surficial geologic
mapping for the area, unconsolidated deposits in the vicinity of the Site inclide sandy,
silty clay to clayey, silty sand containing some shale, mudstone, and sandstone fragments.
Surficial deposits underlying the Site are generally identified as regolith derived from
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weathering of shale, mudstone, and sandstone. The unconsolidated deposits are up to 30
feet thick regionally, but are generally less than 10 feet thick in the vicinity of the Site
(FWENC, 2002).

1.6.3.2. Bedrock Geology

The Site is located within the Newark Basin, which is a tectonic rift basin that covers
roughly 7,500 square kilometers extending from southern New York through New Jersey
and into southeastern Pennsylvania (Figures 1-4 and 1-5). The basin is filled with
Triassic-Jurassic sedimentary and igneous rocks that are tilted, faulted, and locally
folded.

The Passaic Formation (historically known as the Brunswick Formation) occupies an
upper unit of the Newark Supergroup rocks in the Triassic-Jurassic Newark Basin and is
the thickest and most aerially extensive unit in the Newark Basin (Herman, 2001). This
formation consists of mostly red cyclical lacustrine clastics including mudstone, siltstone,
and shale, with minor fluvial sandstone (Michalski and Britton, 1997). The reddish color
originates from reworked hematite, which comprises 5-10% of the unit. The Site is
located immediately south of the contact between the Passaic Formation mudstone unit
and a thinly bedded sandstone and siltstone unit (Herman, 2001).

1.6.3.3. OU3 Geology

Unconsolidated deposits at the former CDE facility range in thickness from 0.5 to 15 feet
and generally thicken to the east towards Bound Brook. Natural unconsolidated
materials, consisting primarily of red-brown silt and sand with silt and clay layers, are
generally intermixed with urban fill materials (including cinders, ash, brick, glass
fragments, metal, and other detritus) throughout the former CDE facility and vicinity. A
thin (surface to 15 feet bgs) layer of weathered bedrock overlies competent bedrock,
consistent with the weathered bedrock identified by regional surficial geologic mapping.
This material primarily consists of heavily weathered siltstone and shale material with a
heterogeneous texture ranging from silt to fine sand, with some zones of angular, silty
gravel and silty clay.

The top of competent bedrock underlying the former CDE facility ranges from 4 to 15
feet bgs, except in the northwestern portion of the former CDE facility where bedrock
was present immediately beneath the former building foundations. Based on boring log
data for wells installed during the OU3 RI, bedrock at the Site consists primarily of red-
brown to dark brown mudstone, siltstone, and shale, consistent with the upper Passaic
Formation. Boring logs from wells to the north of the former CDE facility are generally
indicative of Passaic Formation mudstone facies, while cores from the facility and areas
southwest and east of the facility show siltstone and shale. The bedrock units range from
massive rock with few features to highly laminated beds. The bedrock units are
consistently fine-grained in texture, with numerous calcified veins and vugs throughout.
Bedrock associated with the older Lockatong and Stockton formations was not
encountered in bedrock cores from OU3.
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Bedrock boring logs and borehole acoustical televiewer data (presented in the RI report)
indicate that numerous fracture zones are present in bedrock from the surface to
approximately 600 feet bgs, the maximum drilled depth. The shallow bedrock units are
heavily fractured and weathered, with significant shallow fracture in-filling with
weathered material ranging in texture from silt/clay to sand. Shallow fractures are
generally more open in the shallow bedrock and become less open with depth. The
bedrock contains heavily fractured zones that occur along the bedding planes (parallel to -
sub-parallel). Weathered fracture zones within the bedrock ranged from near horizontal
to near vertical. Pole to plan projections of the fracture data interpreted from acoustical
televiewer data (presented in the RI report) show that the majority of these features are
relatively low angle, ranging from 10 to 30 degrees from horizontal, consistent with the
regional character of the Passaic Formation.

Based on the borehole geophysical data collected during the OU3 R, the bedding planes
of the bedrock units (less open features) in the vicinity of the former CDE facility
generally strike 63 degrees East of North (N65E), and generally dip toward the northwest
between 5 and 15 degrees. The predominant down-dip direction of fractures (more open
features) is toward the northwest, parallel to sub-parallel to the dip of most bedding
planes. A large fracture zone was encountered in MW-14 (67 feet bgs), MW-15 (76 feet
bgs), MW-17 (180 to 210 feet bgs), and downgradient from the former CDE facility at
MW-20 (302 feet bgs). However, no significant fracture zone was observed in MW-16,
which lies between MW-14 (near the center of the former CDE facility) and MW-20
(downgradient). The orientation of the fracture zone was calculated (3-point solution)
and is nearly parallel to regional beding. This intensively fractured seam is characterized
by significantly larger than average fracture apertures.

The aperture of each fracture was calculated using the borehole transmissivity data and
the Cubic law equation (Bear, 1993). Approximately 3,900 apertures were calculated
using this procedure during the RI. The average fracture aperture was calculated to be 83
microns. The fracture frequency, derived from the borehole transmissivity data and the
acoustic televiewer logs, was calculated to be 0.9/linear foot.

1.6.4. Hydrogeology

The following sections provide a brief description of the regional and OU3-specific
hydrogeology. More extensive information is presented in the RI report (LBG and
Malcolm Pimie, 2011b).

1.6.4.1. Regional Hydrogeology

The Passaic Formation generally forms tabular aquifers and confining units that are
several tens of feet thick. Groundwater movement is primarily through bedding plane
fractures and steeply dipping interconnected fractures and dissolution channels
(secondary permeability). A very limited amount of groundwater flows through the
interstitial pore spaces between silt or sand particles because of compaction - and
cementation of the formation (primary permeability). Differences in permeability
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between layers resulting from variations in fracturing and weathering may account for
many water-bearing units.

Groundwater in the Passaic Formation is often unconfined in the shallower, more
weathered part of the aquifer; however, silt and clay derived from the weathering process
typically fill fractures, thereby reducing permeability. This relatively low permeability
surface zone reportedly extends 50 to 60 feet bgs (Michalski, 1990). Groundwater in the
deeper portion of the Passaic Formation is generally confined. Recharge is by leakage
through fractures in the confining units. The transmissivity of mudstone and siltstone
units can range from 400 to 14,500 gallons per day per foot (Herman, 2001). Local and
regional groundwater discharge boundaries include surface water bodies like Bound
Brook. However, municipal pumping centers (water wells) account for most of the
regional groundwater discharge.

The Passaic Formation contains an aquifer that is used as a source of potable water for
some of the communities surrounding the former CDE facility (Figure 1-6). Numerous
private, industrial, and municipal wells tap the formation, with reported pumping rates
that range from a few to several hundred gallons per minute. Current groundwater
extraction influences regional and local groundwater movement, and the variable
historical configuration and pumping of municipal extraction wells exerted a dominant
influence on historical groundwater movement at the former CDE facility. The following
wellfields have been identified as having the most significant influence on that
groundwater movement (details for these wellfields are presented in the RI report):

B Spring Lake Wellfield
B Park Avenue/Sprague Wellfield
B Tingley Lane Wellfield

1.6.4.2. OU 3 Hydrogeology

The bedrock aquifer in OU3 is separated into three hydrogeologic units or water-bearing
zones, identified as the “shallow”, “intermediate”, and “deep” water bearing zones.

The shallow water bearing zone is unconfined and extends from the water table to a depth
of approximately 120 feet bgs (bedrock). The water table fluctuates from the
unconsolidated deposits into bedrock due to many factors including seasonal precipitation
and the effects of nearby pumping. Therefore, the groundwater encountered in the
unconsolidated deposits is interpreted as part of the shallow unconfined bedrock aquifer.
The shallow water bearing zone is potentially hydraulically connected to surface water
bodies such as Bound Brook, Cedar Creek, and Spring Lake. The intermediate and deep
water bearing zones, located below 120 feet bgs, are confined.

Groundwater movement in the highly fractured shallow water bearing zone behaves like
an equivalent porous medium (EPM) (e.g. sand and gravel aquifer). This is evidenced by
the Theisian behavior of the aquifer in response to pumping during the Integrated
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Pumping Test (LBG and Malcolm Pirnie, 2011b). Groundwater movement in the
intermediate and deep water bearing zones also has some characteristics of an EPM;
however, there is some evidence that the lack of horizontal and vertical fractures in some
locations influence groundwater movement. Each of these water bearing units is
described below.

Shallow water bearing zome: The shallow water bearing zone is monitored by the
uppermost port in each of the multi-port systems and the shallow bedrock wells
constructed at the former CDE facility. An evaluation of current shallow bedrock
groundwater levels compared to those collected during previous investigations indicate
that current shallow bedrock aquifer water levels are approximately five feet higher than
they were during the Foster Wheeler RI (FWENC, 2001). The water level variations are
interpreted to be the result of historical groundwater pumping near Spring Lake, which
was gradually reduced and ultimately stopped in 2003.

Intermediate water bearing zome: The intermediate water bearing zone marks the
transition between the shallow and deep water bearing zones. This zone is interpreted to
be confined and is monitored by the ports in each of the multi-port systems between 120
feet and 160 feet bgs. The fractures in the intermediate water bearing zone exhibit less
in-filling with sediment and exhibit an increased permeability in individual fractures as
compared to the shallow water bearing zone.

Deep water bearing zone: The deep water bearing zone is confined and exhibits an
increased permeability, due to fractures being more open with less in-filling of material
due to weathering. This zone is monitored by the ports in each multi-port system
between 200 and 240 feet bgs. This depth range was selected to characterize the deep
water bearing zone because it has a dense network of ports, which facilitates data
contouring and interpretation.

1.6.4.3. Hydraulic Gradient and Groundwater Movement

Water levels were measured during three synoptic rounds (October 2009, March 2010,
and July 2010) and are presented in the RI report (LBG and Malcolm Pimie, 201 1b).
Groundwater elevations measured in July 2010 at shallow wells and the shallowest multi-
port sampler ports were used to characterize the shallow water bearing zone (Figure 1-7).
The data show that the potentiometric surface is generally controlled by topography, with
groundwater in the shallow water bearing zone potentially discharging to Bound Brook,
Cedar Brook, and Spring Lake. Groundwater in the shallow water bearing zone forms a
mound at the former CDE facility, moving north and east from the facility toward Bound
Brook, and northwesterly toward the low-lying area at the confluence of Bound Brook
and Cedar Brook. Groundwater elevations in wells MW-19, MW-20, and MW-21 in the
northwestern portion of OU3 reflect the influence of the Park Avenue wellfield. To the
northeast of the former CDE facility, immediately across Bound Brook, groundwater
movement in the shallow water bearing zone is generally toward the west, with
groundwater discharging to Bound Brook, Cedar Brook and Spring Lake.
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A plot of groundwater elevations measured in July 2010 at multi-port sampler ports
located between 120 and 160 feet bgs was used to characterize the intermediate water
bearing zone (Figure 1-8). Groundwater movement in this zone is primarily to the north.
There is potential groundwater-surface water interaction to the north of the former CDE
facility at Bound Brook.

A plot of groundwater elevations measured in July 2010 at multi-port sampler ports
between 200 and 240 feet bgs was used to characterize the deep water bearing zone
(Figure 1-9). Groundwater movement in this zone is primarily to the north. A plot of the
potentiometric surface indicates that the hydraulic gradient is more uniform in this zone,
with no exhibited potential groundwater-surface water interaction.

A distinct, highly transmissive fracture zone was intersected by several boreholes during
the RI. Most notably, this fracture zone underlies the suspected source area (MW-14) at
a depth of 67 feet bgs, and is present at MW-20 at a depth of approximately 300 feet bgs
and MW-17 at a depth of approximately 200 feet bgs. In the suspected source area, the
highly transmissive fracture zone marks a sharp decrease in both rock matrix and aqueous
chlorinated volatile organic compound (CVOC) concentrations (discussed in Section 2).
At downgradient areas, the location of the fracture zone is coincident with the vertical
axis of the observed CVOC aqueous mass. This suggests that the fracture zone limited
vertical migration of the aqueous contaminant mass at the former CDE facility, and
facilitated downgradient transport of the contaminant mass along a preferential (high
transmissivity) pathway. While the bulk of mass transport probably occurs throughout
the dense fracture network discussed previously, this single feature is significant enough
to warrant additional discussion because it is significantly more transmissive than any
other observed structural feature and was observed in borings near the suspected source
area and near the Spring Lake wells.

A hydrogeologic cross section is presented as Figure 1-10. The synoptic data were
collected from each multi-port sampler port in July 2010, and show the horizontal and
vertical components to groundwater movement in the study area. The vertical gradient
varies across the study area and with depth (Figure 1-11). Groundwater elevations
measured at multiple depths at MW-13, MW-16, ERT-3, and ERT-4 indicate upward
hydraulic gradients at wells adjacent to Bound Brook, with lower upward hydraulic
gradients observed in wells at the former CDE facility, closer to the source area. When
compared to the corresponding stream gage measurements, the hydraulic head difference
indicates the potential for groundwater discharge to Bound Brook. The upward vertical
hydraulic gradients in the deep water bearing zone wells to the north of the former CDE
facility (MW-20, MW-19) are likely related to confined conditions and gradients created
by groundwater extraction at the Park Avenue wellfield.

A comparison of historical groundwater elevations measured during the Foster Wheeler
RI to the groundwater level measurements collected during the OU3 RI show a marked
change in groundwater elevations and the direction of groundwater movement across
OU3 in the shallow water bearing zone. Past groundwater elevations indicated that
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groundwater movement in the shallow water bearing zone at OU3 was generally toward
the northwest, with a potential for surface water to discharge from Bound Brook to the
aquifer. Current conditions are just the opposite. Groundwater level measurements show
shallow groundwater is potentially discharging into Bound Brook. Additionally, the
groundwater elevations measured across OU3 by Foster Wheeler were approximately
five feet lower than those observed in the recent data. The Foster Wheeler data were
collected under historical pumping conditions related to operation of the Middlesex
Water Company’s Spring Lake wellfield, which ceased pumping operations in 2003. The
groundwater withdrawals from the Spring Lake wellfield in this area likely caused a
depression in local and regional groundwater elevations, which also created an
intermittent groundwater gradient toward the Spring Lake wells, and reversed the local
discharge/recharge potential between groundwater and surface water (Bound Brook).
Since the cessation of pumping at Spring Lake, hydrogeologic conditions at the former
CDE facility are influenced by the on-going groundwater withdrawals at the more distant
Park Avenue wellfield.

1.6.4.4. Aquifer Recharge

As discussed above, during past pumping to the northeast of the former CDE facility at
the Spring Lake wells, Bound Brook was potentially contributing to local recharge of the
aquifer (FWENC, 2002). However, current groundwater data show that shallow
groundwater is potentially discharging to Bound Brook, Cedar Brook, and Spring Lake
and no longer received potential recharge from these sources. Based on the recent
groundwater data, primary recharge to the aquifer is likely infiltration of precipitation
through vertical fractures in bedrock. '

1.6.5. Hydrology

Bound Brook is directly adjacent to the former CDE facility and forms the northeast
border of the property. Bound Brook Corridor, the portion of Bound Brook adjacent to
and downstream of the former CDE facility, extends from east to west through Edison,
South Plainfield, New Market, Dunellen, and Middlesex. The low topography of Bound
Brook Corridor has created the watershed features, hydrology, and drainage
characteristics found in the region.

Prior to the OU2 remedial activities, the developed portion of the former CDE facility
contained a network of catch basins to channel storm water runoff. Based on dye testing
during the Foster Wheeler RI, it was believed that at least a portion of the catch basin
network drained into two outfalls along Bound Brook (FWENC, 2002). The catch basin
network was maintained during the OU2 remedial action, and at the conclusion of the
OU?2 soil remedial activities, an expanded catch basin network will collect storm water
from the OU2 asphalt cap and will ultimately discharge to Bound Brook via a stormwater
detention basin.

Spring Lake, an impoundment of Cedar Brook, lies within the Bound Brook Cortidor and
is located upstream from the former CDE facility. The Cedar Brook is the largest of the
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Bound Brook tributaries and drains approximately 6.5 square miles. The impoundment at
the western end of Spring Lake is man-made, formed by constructed dams and spillways,
and controls the discharge flow of Cedar Brook into Bound Brook. Spring Lake supports
secondary contact recreation including boating and fishing.

1.6.6. Ecology

1.6.6.1. Wetlands

According to National Wetlands Inventory mapping for the region, there are three
wetland systems on the property associated with Bound Brook and its floodplain. The
types of wetlands include: Palustrine Forested Broad-Leaved Deciduous Temporary
(PFO1A), Palustrine Emergent Persistent Seasonal (PEM1C), and Palustrine Scrub/Shrub
Broad-Leaved Deciduous Temporary (PSS1A). Wetland acreage ranges from 0.06 actes
to 2.08 acres. A wetland delineation was completed in May 2007 to demarcate
wetland/non-wetland boundaries as part of the remedial design for OU2. More
information can be found in the Revised Final Habitat Assessment Report for Operable
Unit 2 Soils (Malcolm Pirnie, 2008b).

1.6.6.2. Significant Habitat and Endangered Species

The developed nature of the Bound Brook Corridor restricts the availability of open space
to uses supporting active recreational activities (i.e., recreational fields and mowed
parkland), riparian habitat associated with flood prone or flood control wetland areas
along Bound Brook and its tributaries, and the aquatic habitat associated with stream
channels and man-made impoundments. While recreational fields and parkland afford
open space, the pedestiian and vehicular traffic associated with these areas often is a
limiting factor for more reclusive wildlife species. Likewise, avian and mammalian
species that have adapted to the cosmopolitan nature of these areas can exploit the
resources present. Species that exploit edge ecotones often are in numerically greater
abundance than species favoring larger, contiguous parcels of woodland habitats. The
developed nature of the landscape within the Bound Brook Corridor makes the forested
and emergent wetlands and undeveloped upland habitats associated with the Bound
Brook floodplain more critical as habitat refugia for wildlife species found in the
corridor.

Areas where riparian tree canopies have been removed for development will contribute to
greater light penetration and elevated water temperatures in the summer months. Runoff
from the developed areas of the Bound Brook watershed has contributed non-point source
pollutants such as sediments and contaminants associated with road runoff to favor more
pollution-tolerant species of fish and invertebrates. Fishery surveys conducted by NJDEP
and USEPA have identified the fishery as being a centrarchid (sunfish and
basses)/cyprinid (minnows)/catostomid (suckers) dominated community. A single
migratory fish species, the American eel, Anguilla rostrata, has been documented from
the Bound Brook Corridor. Site reconnaissance data of the Bound Brook also identified
the Asian clam, Corbicula fluminea, an invasive .clam species, as being numerically
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abundant in finer grained sediments present in the brook. Currently, the NJDEP
classifies the Bound Brook reach within the Bound Brook Corridor as FW-2 non-trout
waters. The designated uses for this classification include primary and secondary contact
recreation and the protection, maintenance and propagation of warm water aquatic life.
In addition to this FW-2 classification, the New Jersey 2004 Integrated Water Quality
Monitoring and Assessment Report includes Bound Brook under Sublist 5, the lowest
designated listing. A description of Sublist 5 as per USEPA guidance states: “The water
quality standard is not attained. The waterway is impaired or threatened for one or more
designated uses by a pollutant(s), and requires a total maximum daily load.” The
impairment criteria listed for Bound Brook under Sublist 5 include dioxin and PCBs as a
result of NJDEP fish tissue monitoring.

1.6.7. Demography and Land Use

South Plainfield is located at 40°34'51"N, 74°24'50"W and is bordered by Piscataway on
the south and west, Edison on the east, and Plainfield on the north. The former CDE
facility is currently zoned for commercial/industrial use. As shown on Figure 1-12, land
uses surrounding the former CDE facility are primarily commercial/light industrial to the
northeast and east, residential to the south and north, and mixed residential/commercial to
the west. The area within 1.5 miles of the former CDE facility contains eight schools and
five parks. Two elementary schools are located approximately 2,000 feet from the
former CDE facility (one to the north and the other to the south).

According to the 2006 Census, South Plainfield has an estimated population of
approximately 22,795 people with a total land area of approximately 8.4 square miles
(city-data.com), of which 8.36 square miles (99.52%) is land and 0.04 square miles
(0.48%) is water. South Plainfield’s population includes Caucasian (78%), African
American (9%), Asian (8%), and Hispanic and other racial and ethnic groups (5%).
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2. Remedial Investigation Findings

2.1. OU3 Remedial Investigation Approach

As discussed in Section 1, the Site is underlain by interbedded siltstone and mudstone of
the Passaic Formation, which is part of the Newark Super Group. This geologic
formation presents unique challenges to characterizing the nature and extent of
groundwater contamination. One of the most notable challenges is characterizing the
mass of contaminant sorbed or diffused into the matrix (i.e., primary porosity) of the
bedrock, and the role it plays in the mass transport of contaminants. A new paradigm
used for this type of bedrock hydrogeologic investigation is termed the Discrete Fracture
Network (DFN) approach (Parker, 2007). The DFN approach, illustrated on Figure 2-1,
is the foundation for the OU3 RI, and the basis for selection of appropriate remedial
alternatives for evaluation in this FS.

2.1.1. Occurrence and Movement of Groundwater in Fractured
Sedimentary Rock

Fractured sedimentary rock can be very difficult to characterize as it is highly
heterogeneous and often anisotropic. The nature of the hydrogeologic system is
dependent on a variety of factors, including rock matrix porosity and permeability, as
well as fracture orientation, density and size.

Groundwater in fractured sedimentary rock occurs in the pore spaces or matrix of the
rock (primary porosity), and in fractures of the rock (secondary porosity). This type of
bedrock can be described as a “dual porosity” hydrogeologic system, where the pore
spaces or rock matrix have a relatively high porosity, typically between 5% and 20%, and
the fractures have a relatively low porosity, typically between 0.1% and 0.001%. The
degree of interconnectedness of the pore spaces, termed effective porosity, will control
the degree to which groundwater can move through the pore spaces or rock matrix.
Similarly, the degree of interconnectedness of the individual fractures, termed secondary
permeability, will control the degree to which groundwater can move through the fracture
network.

The bulk of groundwater movement generally takes place in fractures, and the rate of
groundwater movement in fractures is generally relatively high due to the high relative
permeability of the fractures. The fractures also have a relatively low groundwater
storage volume as compared to the rock matrix. Conversely, relatively little groundwater
moves through the rock matrix because the rate of groundwater movement through the
interconnected pore spaces of the rock matrix is generally very low. However, because
the rock matrix has a relatively high porosity as compared to the fracture network, the
rock matrix has a very high capacity for groundwater storage.
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21.2, DNAPL Contamination in Fractured Sedimentary Rock

Dense non-aqueous phase liquids (DNAPLSs) are among the most persistent contaminants
in groundwater. When released into the environment, a DNAPL will flow downward
through the unsaturated zone. The DNAPL will also flow downward through saturated
porous media because it’s denser than water. However, DNAPLs are non-wetting fluids
and they have a very high surface tension, both of which affect the flow properties of the
fluid and can lead to pooling.

Upon reaching the top of fractured sedimentary rock, the DNAPL will pool in areas of
low permeability and they will continue to migrate downward through the highly
transmissive fracture zones. The typically very low fracture porosity allows the DNAPL
to migrate laterally and vertically great distances, far more than it would migrate in an
equal volume of a porous medium (Feenstra and Cherry, 1988). DNAPL typically
penetrates the fracture network, working into ever smaller openings, creating pools,
fingers and disconnected globules of residual contamination. With time, the DNAPL will
dissolve into groundwater and move as aqueous mass, which is then subject to dispersion,
diffusion, sorption, and degradation (abiotic and biotic) processes (Figure 2-2).

Several groundwater studies have been conducted to understand the dynamic equilibrium
between the advective fracture flow of aqueous contaminant mass and the diffusion of
aqueous contaminant mass into the low permeability matrix. These studies show that the
diffusion process is driven by the concentration gradient between the aqueous
contaminant mass in the fracture and the matrix pore water.

In the early stages of aqueous contaminant mass movement in fractures, diffusion into the
matrix (as well as other attenuation processes) can slow the advance of the aqueous
contaminant mass in the fractures. In this stage, the aqueous contaminant mass does not
move as quickly as groundwater that can be characterized by advective flow velocities
because diffusion, sorption, and degradation are attenuating the leading edge of the
aqueous contaminant mass. The aqueous contaminant mass is dispersed in the fracture
network, which provides a large total surface area for attenuation processes. Early in the
matrix diffusion process, most of the diffused mass occurs as ‘halos’ around discrete
fractures indicating that the mass has penetrated only a short distance into the bedrock.
(Parker et al., 1994).

As the plume matures, the rock matrix and aqueous fracture concentrations approach
equilibrium. In addition, the advance of the aqueous contaminant mass in fractures slows
and even potentially stops as the aqueous contaminant mass concentration gradients in
the fractures and matrix reach a dynamic equilibrium. Dynamic equilibrium is generally
achieved after a significant time period (~50 years). In cases with very large initial
DNAPL releases (as evidenced at OU3), the high aqueous contaminant mass
concentrations can drive the matrix diffusion process beyond the contaminant halo, to
where the aqueous contaminant mass penetrates more than a few millimeters and totally
saturates the matrix block.. This effect more commonly occurs in source areas, where
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aqueous contaminant mass concentrations are highest and the residence time is the
longest.

After a significant period (50 years) of time in the fractured bedrock environment,
contaminant mass (i.e., DNAPL and or high concentrations of dissolved-phase mass) has
been driven into the rock matrix by diffusion and aqueous-phase mass has been
transported down gradient from the source area. The aqueous-phase mass concentrations
in the fractures will be lower than the mass concentrations driven into the rock matrix.
At this point, the process of matrix diffusion will reverse (back diffusion) releasing the
mass in the rock matrix (pore water) back to the aqueous-phase in the fractures over a
very long period of time (usually in multi-decade-to-multi-century timeframes). In
addition, the distal portions of aqueous-phase mass will be stabilized because of
attenuating processes (diffusion-driven mass transfer into the matrix, sorption, and biotic
and abiotic degradation) that can significantly slow or stop the advance of the leading
edge of the contaminant mass. However, as a result of on-going back diffusion, these
types of impacted aquifers cannot be restored to their highest beneficial use (potable
water supply) in a reasonable timeframe and at a reasonable cost.

2.2. Nature and Extent of Contamination

In accordance with the DFN approach, bedrock cores were sampled to characterize the
extent of rock matrix contamination, and estimated pore water concentrations were
calculated using the rock matrix data combined with physical rock characterization
information. As discussed in Section 1, USEPA ERT conducted a limited bedrock
groundwater investigation in August 2008 as a preliminary step to the OU3 RIL
Groundwater samples were collected by Malcolm Pirnie in October 2009, March 2010,
July 2010 (only PCBs and dioxins were analyzed), December 2010 (only MW-23 was
sampled), and March 2011 (only MW-23 was sampled). Figure 2-3 shows the locations
of the RI groundwater monitoring network. Table 2-1 lists the depth intervals that are
monitored at each well location, as well as observations recorded by field geologists and
used as rationale to locate sampling ports.

The October 2009 and March 2010 sampling events were comprehensive, in that all of
the monitoring wells of interest were sampled, and a full suite of analyses was performed.
Therefore, the data from these sampling events were used to identify contaminants of
concern (COCs) in groundwater (see Table 2-2). The COCs may be categorized into the
following classes of chemical compounds:
B VOCs, particularly chlorinated ethenes

B PCBs

B Inorganics

B PCB:s -like Dioxins and Furans
n

Pesticides
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B SVOCs

VOCs were the primary COCs used to define the extent of contamination due to their
relative mobility in groundwater. In addition, because of the magnitude of the historical
VOC groundwater concentrations at the former CDE facility, it was anticipated that their
extent would be greater than or equal to the other COCs.

The OU3 RI report provides a detailed discussion of the nature and extent of these COCs
(LBG and Malcolm Pirnie, 2011b). Tables summarizing all of the laboratory analytical
data and field measurements are also provided in the OU3 RI report. Figures
summarizing the RI data are provided herein as follows:

B Figure 2-4: Pore Water and Rock Matrix Trichloroethene Concentrations

Figure 2-5: Pore Water and Rock Matrix cis-1,2-Dichloroethene Concentrations
Figure 2-6: Trichloroethene in Groundwater 2009-2011 Sampling Events

Figure 2-7: cis-1,2-Dichloroethene in Groundwater 2009-2011 Sampling Events

Figure 2-8: CVOC Molar Mass Distribution in Shallow Water Bearing Zone (March
2010)

Figure 2-9: CVOC Molar Mass Distribution in Intermediate Water Bearing Zone
(March 2010)

Figure 2-10: CVOC Molar Mass Distribution in Deep Water Bearing Zone (March
2010)

Figure 2-11: Total PCB Arochlors in Groundwater 2009-2010 Sampling Events
Figure 2-12: Arsenic in Groundwater 2009-2010 Sampling Events

Figure 2-13: Lead in Groundwater 2009-2010 Sampling Events

Figure 2-14: Dioxin Toxicity Equivalents (TEQs) in Groundwater July 2010
Sampling Event

® Figure 2-15: 4’4-DDT in Groundwater 2009-2010 Sampling Events

The discussion below summarizes the RI conclusions regarding the nature and extent of
contamination for all of the COCs with the exception of SVOCs. As shown in Table 2-2,
relatively low concentrations of certain SVOCs, specifically polycyclic aromatic
hydrocarbons (PAHs), were detected at disparate locations across OU3. These
compounds are combustion by-products and are generally ubiquitous in urban/industrial
environments.

2.2.1. Volatile Organic Compounds

Chlorinated ethenes comprise the great majority of contaminant mass of VOCs at OU3;
therefore, this discussion will focus primarily on the nature and extent of chlorinated
ethenes at OU3. Chlorinated ethenes are present at OU3 as non-aqueous phase liquid
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‘(NAPL), they are sorbed or diffused into the rock matrix, and they are present as
dissolved constituents in the fracture groundwater.

2.2.1.1. Chlorinated Ethenes Present as NAPL

Following borehole drilling and prior to final FLUTe™ well construction, NAPL reactive
liners were installed in MW-14D, MW-15S, MW-15D, and MW-17 to test for the
presence of NAPL. Only the reactive liner in MW-14D indicated the presence of NAPL.
Based on a visual inspection of the liner, the depth at which the NAPL entered the
borehole appeared to be relatively shallow, near the top of the open interval. The NAPL
was evidenced by small globules that appeared on the liner at the interval below the
bottom of casing (70 ft bgs), most likely moving along steep fractures that were
intersected by the borehole. The liner exhibited evidence that the NAPL globules
migrated down the lined borehole, and evidence of NAPL pooling at the bottom of the
borehole was observed. The reactive liners in MW-15S, MW-15D, and MW-17 did not
indicate the presence of NAPL.

The results of the RI suggest that the NAPL observed in MW-14D was the result of
drilling through overburden materials that contained NAPL, and that significant
quantities of NAPL likely are not present in the bedrock fractures. Complete DNAPL
disappearance is supported by rock core data collected from the suspected source area
showing all estimated porewater TCE concentrations less than the aqueous solubility
limit (~1100 mg/L; from Pankow and Cherry, 1996), with a maximum TCE
concentration of about 150 mg/L at 33 ft bgs (~13% of solubility). Similarly,
groundwater concentrations in the FLUTe multilevel well at this location were much less
than solubility, with a maximum TCE concentration of 72 mg/L in the shallowest port
(30-35 ft bgs). Based on the strong concentration declines with depth at MW-14 both in
the rock core data and FLUTe multilevel well groundwater data, it appears DNAPL
penetration into bedrock may have been limited to the upper bedrock zone (i.e. upper 40
ft or less of bedrock). This limited penetration may have been controlled both by high
horizontal fracture frequency and also by limited DNAPL release volumes. The RI report
provides more information on Site history and what is known about historical releases at
the Site. OU2 remedial activities at the Site have focused on removal of contaminated
overburden to top of bedrock in the MW-14 area, as discussed more in the RI report.

2.2.1.2. Chlorinated Ethenes in Rock Matrix

Rock matrix samples were collected from MW-14S, MW-14D, MW-16, and MW-20
using methods described in the OU3 RI report. A total of 465 split rock core samples
were collected for analysis of select VOCs from a combined total of 824 linear feet of
rock core. Sample locations were determined based on fracture distribution, with a
minimum sample frequency of one sample for every two feet of core. The rock matrix
data are reported as mass of contaminant per mass of rock, and also as equivalent matrix
pore water concentrations. Equivalent matrix pore water concentrations are calculated
using estimated and directly measured physical properties of the rock, including wet rock
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bulk density, dry rock bulk density, matrix porosity, soil-water partitioning coefficients,
and organic carbon portioning coefficients.

The concentrations of select VOCs (TCE and cis-1,2-dichloroethene (¢DCE)) detected in
rock matrix screening samples from the four borings are shown on Figures 2-4 and 2-5.
TCE was the most common VOC present in the rock matrix samples (345 detections),
followed by cDCE (96 detections), and PCE (27 detections).

COCs were detected in approximately 70% of the rock matrix samples collected in the
center of the former CDE facility from two borings (MW-14S and MW-14D). The
largest proportion of VOC mass was detected from 23 to 75 feet bgs (Shallow zone). The
distribution of the results between 23 and 67 feet bgs indicates that contaminant mass has
completely saturated the matrix blocks between fractures, indicative of very high aqueous
concentrations, a dense fracture network, and sufficient time for VOCs to diffuse into the
matrix. The observed matrix block saturation and concentrations are consistent with
source area conditions identified in the DFN model of DNAPL behavior in fractured
rock. A large fracture identified at approximately 67 feet bgs marked a steep decline in
the overall rock matrix concentrations, and also marked a change in the distribution of
mass. Below the fracture at 67 feet bgs, matrix block saturation decreases, and
contaminant mass “halos” can be seen at 76, 82, and 89 feet bgs as evidenced by the
stochastic distribution (concentration spikes) in rock matrix concentration.

COCs were detected in approximately 90% of the samples collected downgradient of the
source area from one boring (MW-16), near the northern edge of OU3. The results
indicate that VOC mass was detected throughout the entire cored interval. The largest
proportion of VOC mass was detected in the 50 to 150 feet bgs depth interval
(Intermediate zone). The distribution of the results between 50 and 150 feet bgs indicate
that contaminant mass has partially saturated matrix blocks between fractures, and that
there are zones (at approximately 60, 90, and 120 feet bgs) where the rock matrix
concentrations are significantly lower than the surrounding blocks. The distribution of
results suggests incomplete matrix saturation, which is more common with increased
distance from the source area. Between 150 and 200 feet bgs, the rock matrix
concentrations decrease steadily, and the stochastic distribution of mass becomes more
prominent. This suggests that contaminant mass is present in fewer fractures, and at
decreasing concentrations. The stochastic distribution of results continues below 200 feet
bgs, and the concentrations generally stabilize at relatively low levels.

COCs were detected in approximately 80% of the samples collected downgradient of the
Site from one boring (MW-20), adjacent to Spring Lake. The results indicate that VOC
mass was detected throughout the entire cored interval. The largest proportion of VOC
mass was detected from 220 to 350 feet bgs depth interval (Deep zone). The stochastic
distribution of results between 28 and 220 feet bgs indicate presence of contaminant mass
“halos” around discrete fractures (at approximately 85, 135, and 155 feet bgs), and that
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the concentrations is the rock matrix are relatively low. The results also indicate that
matrix block saturation has occurred between 220 and 250 feet bgs and between 255 and
355 feet bgs. The concentrations in these zones are relatively low as compared to those
encountered in MW-14 and MW-16, but the consistent elevated results are indicative of
matrix block saturation. These zones likely represent dense fracture zones that are in
direct or indirect communication with contaminated groundwater. The stochastic
distribution of results continues below 355 feet bgs, and the concentrations generally
stabilize at relatively low levels.

2.2.1.3. Chlorinated Ethenes in Groundwater

USEPA ERT collected groundwater samples for VOC analyses in August 2008 as part of
a pre-RI investigation. During the OU3 RI, groundwater samples were collected and
analyzed for VOCs during two synoptic sampling rounds (October 2009 and March
2010). Groundwater samples were collected from shallow bedrock wells at the former
CDE facility and from FLUTe™ wells across OU3 with sampling ports that range in
depth from 17 feet to 555 feet bgs (see Table 2-1 and Figure 2-3). In addition, one
FLUTe™ well (MW-23) was installed late in the program and its nine ports were
sampled twice (December 2010 and March 2011). The groundwater VOC results were
generally consistent across the three events (August 2008, October 2009, and March
2010). The distribution of TCE and c¢DCE in groundwater is shown on Figures 2-6 and
2-7. The following discussion details the distribution of VOCs for each
hydrostratigraphic unit.

Shallow Groundwater

The highest concentration of VOCs was detected near the center of the former CDE
facility, at depths between 23 and 75 feet bgs, with concentrations falling off sharply at
depths greater than 75 feet bgs. Based on the concentrations of VOCs detected, the
suspected source area is generally located at the center of the former CDE facility, near
MW-11 and MW-14S and MW-14D. VOCs in the shallow bedrock are migrating to the
northwest, consistent with both the observed shallow groundwater gradient, and the
historical gradient reported in previous shallow bedrock investigations. The shallow
water bearing zone impacts are generally limited to the area south of Bound Brook, as the
surface water body acts as a boundary to shallow groundwater movement. However,
elevated concentrations of VOCs in the shallow zone were detected north of Bound
Brook in ERT-4, MW-20, and MW-21. Current vertical head distributions measured at
several wells in OU3 show upward vertical gradients, indicating that the hydraulic
potential exists for vertical mass transport. The elevated results at these locations suggest
vertical mass transport along steeply dipping fractures.

The molar mass distribution of total ethenes (PCE, TCE, DCE, and VC) in the shallow
zone, measured during the March 2010 event, is shown on Figure 2-8. The total CVOC
molar mass distribution results show that cDCE is the primary organic constituent (by
mass) at the suspected source area. However, the relative ratios of CVOCs vary greatly
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across OU3. The high proportion of cDCE in the suspected source area suggests that
reductive dechlorination of TCE is occurring.

Intermediate Groundwater

In the intermediate water bearing zone, the highest concentrations of CVOCs are found to
the northwest of the suspected source area, at ERT-3. This indicates that the center of
mass of the CVOC aqueous mass has moved to the north, generally consistent with the
observed groundwater gradient. The distal portion of the aqueous contaminant mass is
approximately one mile to the north and slightly east of the former CDE facility, which is
generally consistent with the observed groundwater gradient. The current groundwater
gradient would suggest a more northwesterly distribution of contaminants near the former
CDE facility, with a northeastward arching path of travel into the capture zone of the
currently operating Park Avenue wellfield to the north. This suggests that the historical
groundwater gradient (due north to Spring Lake), which was responsible for driving
advective mass transport during the early and intermediate stages of contaminant mass
transport from the former CDE facility, is not consistent with the current groundwater
gradient in the intermediate water bearing zone. The change in groundwater gradient is
attributed to the historical pumping of four production wells located near Spring Lake.
These wells, which are deep bedrock wells with open intervals to approximately 500 feet
bgs, were seasonally operated by the Middlesex Water Company between 1964 and 2003.
Additionally, the Tingley Lane wellfield likely added an additional northeastward
component to the groundwater gradient. Historical pumping of these wellfields
influenced the regional hydrogeologic setting and the groundwater gradient at the former
CDE facility would have been highly variable: to the north or northeast when Spring
Lake and Tingley Lane were active; to the northwest when only Park Avenue was active.

The molar mass distribution of total ethenes (PCE, TCE, DCE, and VC) in the
intermediate zone, measured during the March 2010 event, is shown on Figure 2-9. The
total chlorinated ethene molar mass distribution results show that ¢cDCE is the primary
organic constituent (by mass) at the suspected source area and along the axis of the
aqueous contaminant mass, but that the TCE fraction is higher along the fringes of the
delineated aqueous contaminant mass. The high proportion of cDCE in the suspected
source area suggests that reductive dechlorination of TCE is occurring in the suspected
source area and to a limited extent along the axis of the delineated aqueous contaminant
mass. In addition, reductive dechlorination appears to be limited at the fringes of the
delineated aqueous contaminant mass in the intermediate water bearing zone. As
explained in the RI report, it is unlikely that contaminant mass from the former CDE
facility impacted ERT-5 and ERT-6 (LBG and Malcolm Pimie, 2011b).

Deep Groundwater

In the deep water bearing zone, the highest concentrations of CVOCs are found to the
north of the suspected source area at the former CDE facility. This indicates that the
center of mass of the CVOC aqueous mass has moved to the north, which is consistent
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with the observed (north to northeasterly) groundwater gradient. As with the distribution
of aqueous contaminant mass described in the intermediate water bearing zone, this
suggests that the north/northeasterly historical groundwater gradient caused by pumping
at the Spring Lake and Tingley Lane wellfields influenced advective mass transport
during the early and intermediate stages of contaminant mass transport from the former
CDE facility. The current groundwater gradient in the intermediate water bearing zone
reflects the pumping influence of the more distant Park Avenue wellfield.

The molar mass distribution of chlorinated ethenes in the deep water bearing zone,
measured during the March 2010 event, is shown on Figure 2-10. The total chlorinated
CVOC molar mass distribution results show that cDCE is the primary organic constituent
(by mass) at the suspected source area and along the axis of the aqueous contaminant
mass, but that the TCE fraction is higher along the fringes of the delineated aqueous
contaminant mass. The high proportion of ¢cDCE along the axis of the delineated
aqueous contaminant mass suggests that reductive dechlorination of TCE is occurring. In
addition, reductive dechlorination appears to be limited at the fringes of the delineated
aqueous contaminant mass in the deep zone. As explained in the RI report, it is unlikely
that contaminant mass from the former CDE facility impacted MW-18 (LBG and
Malcolm Pirnie, 2011b).

2.2.2. Polychlorinated Biphenyls (PCBs)

2.2.2.1. PCBs in Rock Matrix

PCB Aroclor analyses were performed for 212 rock matrix samples collected from three
boring locations (MW-14S, MW-14D, and MW-16) during the OU3 Groundwater RI.
Tables listing all of the results are provided in the OU3 RI report.

At MW-14S and MW-14D, the equivalent pore water concentration of PCB Aroclor 1254
in the rock matrix ranged from less than 0.31 ug/L at depths of 74 to 231.5 feet bgs to
1,800 ug/L at 61.55 feet bgs. The equivalent pore water concentration of PCB Aroclor
1248 in the rock matrix ranged from less than 1.4 ug/L at depths of 74 to 231.5 feet bgs
to 3,500 ug/L at 61.55 feet bgs. In addition, one detection was reported from the boring
at MW-16, where Aroclor 1254 was detected at 0.32 ug/L, which is the reported
detection limit.

The results indicate that all of the detected PCB Aroclor mass was found in the 23 to 100
feet bgs depth interval in the source area (MW-14S and MW-14D). The largest
proportion of PCB Aroclor mass detected was found in the 23 to 75 feet bgs depth
interval. The stochastic distribution of PCB results indicate that diffusion of PCBs into
the rock matrix is limited.

2.2.2.2. PCBs in Groundwater

Groundwater samples were analyzed for PCB Aroclors by the USEPA ERT in Aungust
2008, and by Malcolm Pirnie during two synoptic OU3 RI sampling rounds (October
2009 and March 2010). In addition, one FLUTe™ well (MW- -23) was installed in
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December 2010, and two rounds of samiples were collected and analyzed for PCB
Aroclors (December 2010 and March 2011). Tables listing all of the results are provided
in the OU3 RI report.

The highest concentrations of PCB Aroclors were detected near the center of the former
CDE facility, and nearly all of the exceedances were limited to shallow bedrock (Figure
2-11). The August 2008 event had PCB Total Aroclor exceedances in seven samples,
with the highest concentrations of PCB Total Aroclors found in MW-12 (152J ug/L). All
of the samples that exceeded the potential clean-up standard of 0.5 ug/L were located at
the former CDE facility (MW-2A, MW-3, MW-5, MW-6, MW-8, MW-10, and MW-12).
The October 2009 event showed a similar distribution of detections, with the highest
concentrations of PCB Total Aroclors found in MW-14S (12,900 ug/L) at a depth of 65
feet to 70 feet bgs. All of the samples that exceeded the potential clean-up standard of
0.5 ug/L were located at the former CDE facility, with the exception of ERT-2 (5.1
ug/L), MW-19 (4.7J ug/L), and MW-20 (2.7 ug/L). Results from the March 2010 event
were consistent with previous results, with the highest concentrations of PCB Total
Aroclors found in MW-11 (190J ug/L), and all of the samples that exceeded the potential
clean-up standard of 0.5 ug/L were located at the former CDE facility (Figure 2-11).

PCB Total Aroclor concentrations at the former CDE facility are generally highest at
depths between 23 and 75 feet bgs, with concentrations falling off to non-detect at depths
greater than 100 feet bgs. The horizontal distribution of PCB Total Aroclors is generally
limited to the former CDE facility, with few exceptions detected during the October 2009
sampling event. Mobility of PCBs is limited by their low solubility and their affinity to
sorb to organic matter in the soil and bedrock.

The concentration seen in one sample from MW-14S-04 during the October 2009
sampling event exceeded the aqueous solubility limit for PCB Aroclors. This indicates
that the October 2009 groundwater results at MW-14 are impacted by the presence of
NAPLs.

2.2.3. Inorganics

Aluminum, sodium, manganese, and iron were detected across OU3 at concentrations
that exceed their respective potential cleanup standards. The highest concentration of
aluminum was found in October 2009, at MW-17 (6200 ug/L) between 235 feet and 245
feet bgs. The highest concentration of sodium was found in March 2010 at MW-20
(691,000 ug/L) between 25 and 35 feet bgs. The highest concentration of manganese was
found in March 2010, at MW-21 (2020 ug/L) between 505 feet and 515 feet bgs. The
highest concentration of iron was found in October 2009, at MW-10 (8520 ug/L) between
37 feet and 52 feet bgs. These metals are regulated as secondary taste and quality (i.e.,
nuisance) contaminants and are generally considered to be naturally occurring.

There were no cadmium exceedances in the August 2008 sampling event; however, there
was one cadmium exceedance in the October 2009 event at ERT-2 (4.6 ug/L) between
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113 feet and 123 feet bgs, and one cadmium exceedance in the March 2010 event at MW-
4 (16.8 ug/L) between 29 feet and 49 feet bgs.

Chromium exceeded its potential cleanup standard in only one well (MW-5) in all three
sampling events. In the August 2008 event the concentration was 1180 ug/L between 12
feet and 28 feet bgs. In the October 2009 event the concentration was 77.9J ug/L, and in
the March 2010 event it was 96.8 ug/L.

Barium exceeded its potential cleanup standard in only two wells (MW-11 and ERT-2) in
all three sampling events. There were three barium exceedances in the August 2008
event at MW-11 (2380 ug/L) between 34 feet and 59 feet bgs, ERT-2 (6950 ug/L)
between 25 feet and 35 feet bgs, and ERT-2 (2060 ug/L) between 40 feet and 50 feet bgs.
There were two barium exceedances in the October 2009 event at MW-11 (2610J ug/L)
between 34 feet and 59 feet bgs and ERT-2 (8790 ug/L) between 25 feet and 35 feet bgs.
Lastly, there were two barium exceedances in the October 2009 event at MW-11 (2650
ug/L) between 34 feet and 59 feet bgs and ERT-2 (8330 ug/L) between 25 feet and 35
feet bgs.

The occurrence of aluminum and cadmium is sporadic, and is not consistent with the
distribution of more soluble contaminants (i.e., CVOCs) historically associatéd with the
former CDE facility. Chromium exceedances were found in only one location (MW-5),
and barium exceedances were limited to just two locations (MW-11 and ERT-2). While
there are few chromium and barium exceedances, they are limited to shallow bedrock,
and their occurence is generally consistent with a historic poiiit source or release.

Arsenic was detected at concentrations that exceed the potential cleanup criteria in a
majority of the samples collected in each of the three events (Figure 2-12). The highest
concentration of arsenic was measured in the October 2009 event at MW-22 (595J ug/L)
between 305 feet and 315 feet bgs. Although arsenic is present at concentrations above
the potential cleanup standards, the occurrence is widespread and does not suggest a point
source or release. The concentrations are generally consistent with naturally occutring
concentrations measured in domestic water supply wells in the Newark Basin (New
Jersey Geological Survey, 2004). ‘

Lead exceeded the potential cleanup standard in five samples from five locations (ERT-2,
ERT-4, ERT-5, MW-6, and MW-12) in the August 2008 sampling event, with the highest
concentration found at MW-12 (5.9 ug/L). There were exceedances in 11 samples from
five locations (ERT-7, FPW, MW-14S, MW-17, and MW-21) in the October 2009 event,
with the highest concentration found at MW-21 (20.9 ug/L) between 50 feet and 60 feet
bgs. There were exceedances in 14 samples from nine locations (ERT-7, FPW, MW-3
MW-6, MW-12, MW-13, MW-14S, MW-19, and MW-21) in the March 2010 event, with
the highest concentration found at MW-12 (32.9 ug/L). The lead exceedances are
distributed widely (Figure 2-13), but occur consistently at the former CDE facility. The
exceedances at the source area (MW-14S, MW-12) are limited to shallow bedrock, and
the occurrence of lead is generally consistent with a historical point source or release.
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2.2.4. Dioxins

Following evaluation of PCB Aroclor data from the October 2009 sampling event, a
subset of sampling locations was selected for analyses of PCB Congeners, Dioxins, and
Furans. The sampling locations were selected based on their location (in order to obtain a
representative distribution horizontally and vertically) and the concentrations of PCB
Aroclors detected in October 2009. Twenty-four groundwater sampling locations were
selected to be sampled twice (March 2010 and July 2010) for PCB Congeners, Dioxins,
and Furans. Although there are no federal or state groundwater cleanup standards for
individual PCB Congeners or Furans and only one standard for the individual dioxin
compound, 2,3,7,8-Tetrachlorodibenzo(p)dioxin (2,3,7,8-TCDD), these data were used to
calculate the Dioxin toxicity equivalent (TEQ) concentrations. Twelve dioxin-like PCB
Congeners and 17 Dioxin/Furan congeners have been assigned a toxic equivalency factor
relative to the most toxic dioxin, 2,3,7,8-TCDD, by the World Health Organization (Van
den Berg, et al., 2006). Dioxin TEQ values were calculated for each of the 24 samples
collected in March and July 2010. These values were then compared to the potential
cleanup standard for 2,3,7,8-TCDD (10 picograms per liter (pg/L)). '

The Dioxin TEQ exceeded the potential cleanup standard in six of the 24 sample

locations MW-1A, MW-3, MW-5, MW-11, MW-12, and MW-14S) in at least one of the

two sampling events. The highest concentrations were detected in MW-14S (217,825

pg/L) between 65 feet and 70 feet bgs during both events (Figure 2-14). All six sampling

locations that exceeded the potential cleanup standard are located within the boundaties
of the former CDE facility.

The mobility of dioxins is limited by their low solubilities and their affinity to sorb to
organic matter in the soil and bedrock. This is further evidenced by the sampling results,
which show the extent of dioxin TEQ exceedances is limited to the former CDE facility.
The concentration detected in one sample from MW-14S exceeds the general aqueous
solubility limit for dioxin compounds. This indicates that the groundwater results at
MW-14S may be influenced by the presence of NAPLs.

2.2.5. Pesticides

Pesticide compounds exceeded their respective potential cleanup standards in the August
2008 sampling event in 10 samples from nine locations (ERT-6, ERT-8, MW-01A, MW-
02A, MW-3 MW-6, MW-7, MW-11, and MW-12), and the largest exceedance was the
concentration of 4-4’-DDT found at MW-11 (14 JN ug/L). Results from the October
2009 event show there were pesticide exceedances in 22 samples from 13 locations
(ERT-4, ERT-8, MW-02A, MW-4 MW-8, MW-9, MW-11, and MW-12, MW-14§, MW-
14D, MW-15D, MW-16, MW-19, and MW-20), and the largest exceedance was the
concentration of 4,4’-DDT found at MW-14S (4000J ug/L) between 65 feet and 70 feet
bgs (Figure 2-15). During the March 2010 event, there were exceedances in nine samples
from seven locations (ERT-8, MW-5, MW-6, MW-9, MW-11, MW-12, and MW-14S),
and the largest exceedance was the concentration of dieldrin found at MW-14S (350JN
ug/L) between 65 feet and 70 feet bgs.
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Various pesticides, including 4,4’-DDT, dieldrin, chlorodane, and heptachlor were found
at concentrations that exceed potential cleanup standards in samples collected from wells
on and off the former CDE facility during each sampling event. The highest
concentrations, and the largest exceedances of the potential cleanup standards, were
encountered at the former CDE facility.

Mobility of pesticides is limited by their low solubility and their affinity to sorb to
organic matter in the soil and bedrock. This is further evidenced by sampling results,
which show the highest concentrations are limited to locations at the former CDE facility.
The 4,4’-DDT concentration detected in one sample collected at MW-14S-04 (between
65 feet and 70 feet bgs) during the October 2009 sampling event exceeded its aqueous
solubility limit. This indicates that the groundwater results at MW-14S may be
influenced by the presence of NAPL.

2.3. Natural Attenuation Parameters

Natural attenuation processes, including biological degradation, typically influence the
fate and transport of chlorinated ethenes in the subsurface. To aid in evaluating the
potential for biological reductive dechlorination of chlorinated ethenes at OU3,
groundwater samples from selected monitoring wells (ERT-1, MW-13, MW-14S/D,
MW-16, MW-21, and MW-21) were analyzed for the following parameters that are used
as indicators for biological degradation:

Chloride

Nitrate

Sulfate;

Ferrous iron

Alkalinity;

Total organic carbon

Dissolved gases (methane, ethane, and ethene)

In addition, dissolved oxygen (DO) and oxidation/reduction potential (ORP) were
measured in the field at every monitoring location. Tables listing the results from all of
the analyses are provided in the OU3 RI report. Observations pertinent to this FS are
discussed below.

Dissolved Oxy‘ gen
Chlorinated ethenes biodegrade most readily under anaerobic conditions via reductive

dechlorination, which generally does not occur at DO concentrations greater than 0.5
milligrams per liter (mg/L). DO concentrations in groundwater samples collected during
the RI ranged from 0.0 mg/L to more than 10 mg/L, with an average of 2.5 mg/L. DO
concentrations in approximately 10 percent of the samplmg locations exceeded 8.0 mg/L,
which is the approximate solubility of oxygen in water at standard pressure and
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temperature (Deutsch 1997). This is likely due to the FLUTe sampling method, which
precluded the use of a flow-through cell or in-well DO probe.

In general, DO concentrations less than 0.5 mg/L were measured in samples from wells
or ports at depths less than approximately 100 feet bgs during the first round of
groundwater sampling in October 2009. However, during the second round of
groundwater sampling in March/April 2010, DO concentrations less than 0.5 mg/L were
measured in several samples collected at depths greater than 200 to 300 feet bgs.

Oxidation/Reduction Potential (ORP)

Reduction-oxidation (redox) reactions in groundwater containing chlorinated ethenes are
typically biological and, therefore, the redox state of the groundwater influences, and is
influenced by, the amount of biological degradation. Redox potentials less than (-) 100
millivolts (mV) are typically required to promote reductive chlorination; however, the
reductive pathway is still possible at potentials less than (+) 50 mV (USEPA 1998).

Redox potentials measured in samples collected during the RI ranged from (-) 209 to (+)
337 with an average of (+) 101 mV. Redox potentials less than (+) 50 mV were
generally only measured in samples collected from well/ports less than 100 feet bgs in the
October 2009 sampling event. However, similar to the trends in DO concentrations,
redox potentials less than (+) 50 mV were measured in many samples collected from
depths greater than 200 feet bgs during the March/April 2010 sampling event.

Chloride

Elevated chloride concentrations in groundwater can be an indicator of reductive
dechlorination; however, natural background chloride concentrations are often too high
for this effect to be noticeable. The geometric mean of chloride concentrations in the
samples was 40.5 mg/L. Chloride concentrations in samples collected from upgradient
well ERT 1 ranged from 32.3 to 63.6 mg/L. Chloride concentrations in MW-14S/D
ranged from 17. 2 to 133 mg/L, with the highest concentrations measured in the top two
sampling ports (Ports 1 and 2) (133 and 127 mg/L, respectively). Chlornde
concentrations in the samples collected from downgradient monitoring wells were similar
to those measured at ERT 1, with the exception of the samples from monitoring well
MW-20-1, which reached 1,670 mg/L.

Nitrate

Nitrate may be used as an electron acceptor for anaerobic biodegradation in the absence
of oxygen. For reductive dechlorination to occur, nitrate concentrations in the
groundwater must be less than 1.0 mg/L (USEPA 1998). Nitrate concentrations in the
sampled wells/ports ranged from not detected (less than 0.11 mg/L) to 4.0 mg/L with a
geometric mean of 1.11 mg/L. Nitrate was absent in monitoring wells MW-13 (ports 1
through 7), MW-148S (ports 1 through 4)/14D (port 1), MW-16 (ports 5 through 7), and
MW-21 (ports 2, 3, 4, 5, and 7) in at least one of the groundwater monitoring events.
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Sulfate

After dissolved oxygen and nitrate have been depleted, sulfate may also be used as an
electron acceptor for anaerobic biodegradation in the absence of oxygen. For reductive
dechlorination to occur, sulfate concentrations in the groundwater should generally be
less than 20 mg/L. (USEPA 1998). Sulfate concentrations in the sampled wells/ports
ranged from 11.2 mg/L to 1,580 mg/L, with a geometric mean concentration of 54 mg/L.
Sulfate concentrations less than 20 mg/L were detected in samples collected from
~monitoring wells MW-14S (ports 1,2, and 3) and MW-16 (ports 1 and 2).

Ferrous Iron

Under anaerobic conditions, ferric iron (Fe**) can be used as an electron acceptor during
the biodegradation of petroleum compounds and, potentially, vinyl chloride. As result of
this process, ferrous iron (Fe**), which is soluble in water, is produced and can be used as
an indicator of biodegradation. Ferrous iron was not detected in any of the groundwater
samples collected during the RI.

Alkalinity

Increased alkalinity can be an indicator of microbial activity in an aquifer. Alkalinity
concentrations in groundwater samples collected during the RI ranged from 37.6 mg/L to
301 mg/L, with a geometric mean of 153 mg/L. Upgradient alkalinity concentrations in
samples collected from monitoring well ERT-1 ranged from 184 mg/L to 210 mg/L.
Alkalinity concentrations in source area monitoring well MW-14S/14D ranged from 175
to 301 mg/L. Downgradient alkalinity concentrations in monitoring well MW-20 ranged
from 124 mg/L to 153 mg/L.

Organic Carbon |
Organic carbon serves as both a carbon and energy source for microbes that drive

reductive dechlorination. In general, total organic carbon (TOC) concentrations of
greater than 20 mg/L are necessary to sustain biodegradational processes. TOC
concentrations in groundwater samples collected during the RI ranged from 1.0 mg/L to
37 mg/L, with a geometric mean of 2.6 mg/L. TOC concentrations greater than 20 mg/L
were detected in only one groundwater sample.

Dissolved Gases

Ethene and Ethane

Ethene and ethane are the final end-products of the complete reductive dechlorination of
chlorinated VOCs. Therefore, their presence in groundwater is indicative of a complete
dechlorination pathway. Ethene was detected in monitoring wells MW-14S/14D, MW-
16, and MW-20 at concentrations ranging from 0.17 ug/L to 13.2 ug/L. Ethane was
detected in monitoring wells MW-13, MW-14S/D, MW-16, and MW-20 at
concentrations ranging from 0.14 ug/L to 5.8 ug/L.

Methane
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The presence of methane in groundwater is indicative of strongly reducing conditions,
and, therefore, is indicative of conditions favorable for reductive dechlorination (USEPA
1998). Methane was detected in 85 of the 97 (87 percent) groundwater geochemistry
samples collected during the two groundwater sampling events. Methane concentrations
in the samples ranged from 0.1 ug/L to 1,030 ug/L, with a geometric mean concentration
of 8.9 ug/L.

Biological Natural Attenuation Evaluation

Reductive dechlorination is the most important process in the natural biodegradation of
chlorinated solvents. For reductive dechlorination to completely degrade chlorinated
VOCs, such as PCE and TCE, the geochemical conditions in the subsurface must be ideal
and microorganisms that are capable of degrading the chlorinated VOCs must be present.
Electron acceptors (chlorinated ethenes), electron donors (typically hydrogen or other
fermentation products of organic carbon compounds), a reducing environment (ORP less
than 50 mV), an anaerobic environment (DO less than 2.0 mg/L), depletion of competing
electron acceptors (nitrate, ferrous iron, sulfate) and microbes (reductive dechlorinators)
are all needed for reductive dechlorination to occur.

The USEPA Natural Attenuation Protocol Table 2.3 contains a screening process to
evaluate the potential for reductive dechlorination based on Site monitoring data
(USEPA, 1998). Using data from groundwater samples collected from monitoring well
MW-14S/D (located in the presumed source area) resulted in a screening score of 16,
which, according to the protocol, is indicative of adequate evidence for reductive
dechlorination of the chlorinated VOCs present in the bedrock groundwater in the source
area. These data included:
= The presence of the dissolved gases ethene and ethane, whlch are the final end
products of the complete degradation of PCE and TCE.
= Low dissolved oxygen levels and reducing conditions demonstrated by low redox
potentials and the presence of methane.
= Low nitrate (not detected) and sulfate (less than 20 mg/L) concentrations, which
are indicative of the depletion of these potentially competing electron acceptors
= The presence of TCE breakdown products ¢DCE and VC

However, based on the low organic carbon concentrations detected throughout the
aquifer, the rate of reductive dechlorination is likely being limited by the lack of a carbon
source. Additionally, the data also indicate the reductive dechlorination is more prevalent
in the shallow groundwater than in the deeper portion of the aquifer where reducing
conditions appear to be less prevalent.

2.4. Conclusions from BHHRA

A baseline human health risk assessment (BHHRA) (Draft Baseline Human Health Risk
Assessment, Operable Unit 3: Groundwater, Cornell-Dubilier Electronics Superfund
Site, South Plainfield, New Jersey, June 2011 [LBG and Malcolm Pirnie, 2011a]) was
conducted to support the RIFS for OU3. The purpose of this BHHRA was to provide an
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evaluation of potential human health risks, currently and in the future, in the absence of
any major action to control or mitigate groundwater contamination (i.e., baseline risks).
The potential for adverse health effects was expressed as incremental lifetime cancer
risks and non-cancer hazards that were based on assumptions regarding the potential for
buman exposure to chemicals in groundwater, the estimated concentration of each
chemical of potential concern (COPC) at the point of human contact, and the toxicity of
each COPC.

The BHHRA followed guidance outlined in the USEPA Risk Assessment Guidance for
Superfund: Volume I, Human Health Evaluation Manual (Part A) (RAGS) (USEPA,
1989) and other relevant USEPA guidance.

2.4.1. Data Evaluation

The BHHRA is based on the results of groundwater samples collected by Malcolm
Pirnie, Inc. in October 2009, March-April 2010, July 2010, December 2010, and March
2011. Based on the conceptual understanding of Site-specific hydrogeology and to
facilitate evaluation of the potential for human exposure to groundwater through the
various pathways outlined in the Site Conceptual Exposure Model, the following
groundwater exposure units were established for this BHHRA:

= Entire aquifer — includes groundwater data from all wells and across all sample
depths. However, groundwater data from ERT-8 was not included because it is an
upgradient well considered representative of background conditions.

» Shallow onsite groundwater — includes groundwater data from the shallow
bedrock monitoring wells and the most shallow sampler port in each multi-port
well located within the former CDE facility property boundary. '

* Shallow offsite groundwater, south of Bound Brook — includes groundwater
data from the most shallow sampler port in each of the multi-port wells located
outside the former CDE facility property boundary and south of Bound Brook.
Groundwater data from ERT-8 were not included because it is an upgradient well
considered representative of background conditions.

= Shallow offsite groundwater, north of Bound Brook — includes groundwater
data from the most shallow sampler port in each of the multi-port wells located
outside the former CDE facility property boundary and north of Bound Brook.

“COPCs were identified in each groundwater exposure unit, based primarily on
comparison of the maximum concentration of each detected chemical to the USEPA
Regional Screening Levels for tap water but including other selection criteria as well.

24.2. Exposure Assessment

Representative exposure point concentrations (EPC) to be used in the calculation of
lifetime incremental cancer risks and non-cancer hazards were estimated for each COPC.
Concentrations in groundwater and indoor air were calculated to evaluate human
exposure through the potential pathways and exposure routes outlined in the Site
Conceptual Exposure Model. This model describes the scenario timeframe, exposure
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medium, exposure point, and the exposure pathways and routes by which human
receptors may be exposed to COPCs originating in groundwater.

Based on the current and most likely future land uses of the Site, the following human
receptor populations were identified: commercial/industrial workers, resident adults,
resident children, and construction/utility workers. The potential for dermal contact and
inhalation exposure to chemicals in groundwater used for process or industrial uses was
evaluated for commercial/industrial workers. The potential for ingestion, dermal contact,
and inhalation exposure to chemicals in groundwater used as a source of potable water
was evaluated for resident adults and children. The potential for dermal contact and
inhalation exposure to chemicals in groundwater that pools at the bottom of a trench
excavated for utility work was evaluated for construction/utility workers. The applicable
exposure unit for the commercial/industrial worker, resident adult and resident child
exposure scenarios was the entire aquifer. Each of the three shallow groundwater
exposure units was used in a separate evaluation of potential construction/utility worker
exposure.

In accordance with USEPA guidance, estimates of reasonable maximum exposures
(RME) and, where applicable, central tendency exposures (CTE) were generated. Use of
RME parameter values simulates the highest exposure that might reasonably be expected
to occur, one that is well above the average case but within the range of possibility, and
results in upper-bound incremental lifetime cancer risks and non-cancer hazards.
Evaluation of the RME scenario serves as the determination regarding remedial action.

2.4.3. Toxicity Assessment

Chemical-specific toxicity information is in the form of cancer potency slope factors or
unit risk factors and non-cancer reference doses or reference concentrations. Toxicity
values were obtained from the following hierarchy of sources: USEPA’s Integrated Risk
Information System, USEPA’s Provisional Peer-Reviewed Toxicity Values, and
additional sources, including but not limited to the California Environmental Protection
Agency and the Agency for Toxic Substances and Disease Registry.

2.4.4. Risk Characterization

Individual (i.e., COPC-specific) incremental lifetime cancer risks and non-cancer hazard
quotients were calculated for each potential human receptor population. For the
construction/utility worker, separate risk estimates were generated for each of the three
shallow groundwater data sets.

Individual incremental lifetime cancer risks are expressed as unitless probabilities (e.g.,
2E-06 or 2 in 1,000,000) of a person developing cancer. The individual cancer risks for
each exposure scenario were summed to arrive at an estimate of the total cancer risk from
exposure to multiple chemicals. For known or suspected carcinogens, the National Oil
and Hazardous Substances Contingency Plan (NCP) established that acceptable exposure
levels are generally concentration levels that represent an incremental upper-bound
lifetime cancer risk in the range from 10 (i.e., 1E-04 or 1 in 10,000) to 10°° (i.e., 1E-06
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or 1 in 1,000,000) or less. The cancer risks estimated for each exposure scenario were
compared to this risk range established by the NCP.

Non-cancer hazard is expressed as the unitless ratio, termed the hazard quotient (HQ), of
the daily chemical intake or exposure concentration to the non-cancer reference dose or
reference concentration. For systemic toxicants, the NCP established that “acceptable
exposure levels shall represent concentration levels to which the human population,
including sensitive subgroups, may be exposed without adverse effect during a lifetime or
part of a lifetime, incorporating an adequate margin of safety” (USEPA, 1990). As the
non-cancer reference dose is protective of the potential for adverse, non-cancer health
effects, HQs greater than 1E+00 indicate the potential for non-cancer hazard. The total
individual non-cancer HQs were summed for each exposure scenario to yield hazard
indices (HI) that reflect the potential for adverse, non-cancer health effects from exposure
to multiple chemicals.

The BHRAA found that the incremental lifetime cancer risks and non-cancer hazards for
each RME scenario evaluated in the BHHRA for OU3. As shown, the incremental
lifetime cancer risks range from 8E-07 for the construction/utility worker exposure to
shallow offsite groundwater, north of Bound Brook to 2E-02 for the resident adult.
Incremental lifetime cancer risks for the commercial/industrial worker, resident adult and
resident child are greater than the cancer risk range established by the NCP. The
predominant contributors to the cancer risk estimated for the resident adiilt are 4,4’-DDT,
4,4’-DDD, trichloroethylene, and arsenic.

Non-cancer HIs range from 3E+00 for the construction/utility worker exposure to
shallow offsite groundwater, north of Bound Brook to 8E+02 for the resident child. The
non-cancer Hls are greater than 1E+00 for all potential human receptors, indicating there
is the potential for adverse, non-cancer health effects from exposure to groundwater. The
predominant contributors to the non-cancer hazard estimated for the resident child are
cis-1,2-dichloroethene, total PCB Aroclors, and 4,4’-DDT.

For the CTE scenario, the BHRAA found that the incremental lifetime cancer risks range
from 2E-07 for the construction/utility worker exposure to shallow offsite groundwater,
north of Bound Brook to 3E-03 for the resident child. Incremental lifetime cancer risks
for the commercial/industrial worker, resident adult and residerit child are greater than the
cancer risk range established by the NCP.

Non-cancer HIs range from 3E+00 for the construction/utility worker exposure to
shallow offsite groundwater, north of Bound Brook to 4E+02 for the resident child.
Again, the non-cancer Hls are greater than 1E+00 for all potential human receptors,
indicating there is the potential for adverse, non-cancer health effects from exposure to
groundwater.

o
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The RI Report established that aqueous contaminant mass from the former CDE facility
has been interpreted to not extend to ERT-5 and ERT-6 in the intermediate zone, and
MW-18 in the deep zone. Because of the uncertainty associated with modeling
groundwater flow through fractured bedrock, groundwater data from ERT-5, ERT-6, and
MW-18 were included in the entire aquifer and shallow offsite, south of Bound Brook
data sets used to estimate baseline cancer risks and non-cancer hazards. However, to
determine the relative contribution that groundwater data from these offsite wells make to
the baseline cancer risks and non-cancer hazards estimated in this BHHRA, an
uncertainty evaluation was conducted using only groundwater data from ERT-5, ERT-6,
and MW-18. Based on this evaluation, it was concluded that a portion of the potential for
cancer risk and non-cancer hazard indicated in the baseline evaluation may be attributed
to concentrations of dibenzo(a,h)anthracene, total PCB Aroclors, and arsenic detected in
ERT-5, ERT-6, and MW-18.

For the evaluation of the potential for adverse health effects from resident child exposure
to lead in drinking water, the geometric mean blood lead level (PbB) concentration
estimated using the Integrated Exposure Uptake Biokinetic model for lead in children is
2.6 pg/dL. The probability that the PbB concentration is greater than 10 pg/dL is 0.22
percent. Therefore, lead concentrations in groundwater should not pose a risk to resident
children or, by extension, to resident adults.

2.5. Conceptual Site Model

Groundwater flow in the Passaic Formation occurs primarily through the fracture
network. The network is composed of bedding parallel to sub-parallel fractures with
steeply dipping joint sets and is highly conductive and interconnected, allowing for the
horizontal and vertical movement of groundwater. The average fracture aperture size is
83 microns, or slightly smaller than the thickness of human hair. The extremely small
size of the apertures, and an average fracture frequency of 0.9 fractures per every linear
foot, gives the fracture network a relatively low porosity (2.1 x 10-5 f*/ft’) as compared
to the porosity of the matrix rock (0.1 f'/ft’). However, the fracture frequency, volume,
and interconnectedness give the network a moderate bulk hydraulic conductivity (2.2 to
5.5 ft/day) and allows for both vertical and horizontal groundwater flow.

The aquifer is divided into three hydrogeologically connected units (for discussion
purposes): the shallow, intermediate, and deep water bearing zones. The shallow water
bearing zone is unconfined and extends from ground surface to a depth of approximately
120 feet bgs (unconsolidated materials and bedrock). The current phreatic surface in
shallow bedrock (water levels recorded in the shallow bedrock aquifer) is above the top
of bedrock, and within the unconsolidated deposits. The confined intermediate water
bearing zone has experienced less in-filling of fractures by sediments, and is therefore
more uniformly permeable. The deep water bearing zone is confined and has the most
open and permeable fractures in the aquifer. The fracture network exerts an increasing
control over groundwater movement, below about 250 feet bgs due to a decrease in
aperture size and frequency of fractures.
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Water levels measured during the RI indicate that the water table in the shallow water
bearing zone is generally controlled by topography and elevation. Groundwater in the
shallow water bearing zone may discharge to Bound Brook, Cedar Brook, and Spring
Lake and moves north and east from the former CDE facility toward Bound Brook and
northwest toward the low-lying area at the confluence of Bound Brook and Cedar Brook.
Groundwater movement in both the intermediate and deep water bearing zones is
dominated by the influences of pumping at the Park Avenue wellfield to the north of the
former CDE facility.

The highly conductive fracture network allows for the vertical and horizontal advection
of groundwater and aqueous contaminant mass. Because the fracture network is so
pervasive, it provides a relatively large surface area for the VOCs to sorb onto and then
diffuse into the rock matrix. The pore volume of the rock matrix is nearly two orders of
magnitude larger than the fracture network, allowing it to hold the majority of the
contaminant mass. Once the aqueous contaminant mass has diffused into the rock, it is
left nearly immobile because of the low hydraulic conductivity of the rock matrix.
Howeyver, there is a continual exchange of contaminant mass with passing groundwater
driven by concentration gradients. In addition to sorption and diffusion, microbiological
analyses indicate that the degradation of CVOCs is occurring, which contributes to the
retardation of the advance rate of the leading edge of aqueous contaminant mass.

The aqueous contaminant mass migration has also been influenced by historical
intermittent pumping at Spring Lake, which took place between 1964 and 2003,
intermittent pumping at the Tingley Lane wellfield, and by ongoing withdrawals at the
Park Avenue wellfield. Although the general direction of groundwater movement
beneath the former CDE facility is to the north-northwest, the pumping centers to the
north and east of the former CDE facility redirected the groundwater movement and mass
transport. Today, groundwater extraction at the Park Avenue wellfield, along with
potential groundwater discharges to Bound Brook and Spring Lake, are the dominant
hydraulic influences on the regional and local hydrogeology.

A distinct, highly transmissive fracture zone was intersected by several boreholes during
the investigation. This fracture zone likely facilitated the down gradient transport of
aqueous contaminant mass along a preferential (high transmissivity) pathway. While
pumping at Spring Lake was occurring, the downward vertical component of the
groundwater gradient was higher, thereby increasing the downward movement of the
contaminant mass. This fracture zone is capable of conducting the aqueous contaminant
mass down gradient toward the Spring Lake pumping wells, and toward the Park Avenue
wellfield.

When Spring Lake pumping ceased in 2003, the groundwater flow regime began to revert
to a condition similar to the previous hydrogeologic regime dominated by the Park
Avenue wellfield. Groundwater levels rose nearly five feet at the formet CDE facility
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(this water level rise may not be entirely due to cessation of pumping at Spring Lake, but
could also have resulted from potential increased recharge), Bound Brook became a
potential gaining stream, and groundwater movement near the former CDE facility |
shifted to the northwest, rather than north to Spring Lake. In addition, the flow field to
the north of Bound Brook shifted to the northeast due to ongoing groundwater extraction
at the Park Avenue wellfield. These changes in conditions likely resulted in advective
redistribution of the aqueous contaminant mass. In areas where concentrations of
aqueous contaminants in fractures are greater than those in the adjacent matrix pore
water, contaminant diffusion into the rock occurs, attenuating advective distribution of
the aqueous contaminant mass. Furthermore, back diffusion of contaminants out of the
matrix (pore water) occurs in areas where the contaminant concentration gradient
between the rock matrix and the aqueous phase in fractures supports the process, which
may contribute to ongoing groundwater contamination over a very long period of time
(usually in multi-decade-to-multi-century timeframes). As a result, the contaminated
aquifer cannot be restored to its highest beneficial use (potable water supply) in a
reasonable timeframe and at a reasonable cost.

2.6. Contaminant Transport Modeling

In support of the RI/FS process, contaminant (chlorinated VOC) fate and transport
modeling was conducted to evaluate the extent of contaminant migration in the bedrock
groundwater and the impact of potential source treatment remedies. The modeling was
-conducted and reviewed by Steven Chapman, Dr. Beth Parker, and Dr. John Cherry of
the University of Guelph. The results of the modeling are presented in the Draft Report
on Discrete Fracture Network (DFN) Contaminant Transport Modeling, Cornell-
Dubilier Electronics Superfund Site — OU3 Groundwater, dated June 2011 (DFN
Modeling Report) (Chapman 2011), which is included in Appendix A, and summarized
herein.

Pumping tests at the CDE Site show that the groundwater flow system in the highly
fractured bedrock can be reasonably simulated as an equivalent porous media (EPM).
However, evaluation of contaminant fate and transport must consider effects of matrix
diffusion on contaminant behavior in discretely fractured rock systems. While fractures
provide the dominant pathways for groundwater flow, the large rock matrix porosity
represents the bulk of the contaminant mass storage capacity. Thus diffusion of
contaminants into the rock matrix in this dual porosity system, as well as sorption within
the matrix and potentially contaminant degradation, is expected to have a strong
influence on contaminant behavior and remedial efficacy.

2.6.1. Model Approach

The modeling approach applied at the CDE Site involved application of the MODFLOW
EPM model to simulate the groundwater flow system to obtain overall bulk flow
characteristics (i.e., hydraulic gradients, bulk hydraulic conductivity and groundwater
fluxes) and then the discrete fracture network (DFN) model FRACTRAN was used to
simulate contaminant fate and transport. The purpose of the DFN transport simulations is
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to represent groundwater flow and contaminant transport in fractured porous media
incorporating relevant processes of rapid groundwater flow in fractures and contaminant
diffusion into and out of the rock matrix.

The FRACTRAN DFN simulations were conducted for TCE only assuming no
degradation. Data from the Site suggest transformation of TCE to cis-DCE occurs, but it
is unknown whether much further dechlorination occurs since groundwater data shows
little VC presence. The model domain for the site simulations was a vertical cross-
section 1000 meters (m) long and 150 m high. The fracture network was selected after
producing several realizations of randomly generated fracture networks and adjusting the
key fracture network statistics including mean fracture aperture and variance, fracture
density, and fracture length ranges to provide an overall horizontal bulk hydraulic
conductivity within a target range based on the field data (e.g., FLUTe liner test data and
pump test data). The vertical head component was set to match the apparent plutrm
deepening with depth based on the rock core VOC results. The ‘source zone’ was
positioned within the upper portion of the model domain consistent with the apparently
limited DNAPL penetration.

2.6.2. Model Results

The results of the FRACTRAN DFN transport simulations showed that contaminant
migration in the fracture network is much slower than groundwater flow rates in
fractures, due to attenuation processes including diffusion of mass from fractures to the
rock matrix. However, the simulation results show that by 10 years contamination has
already reached the model boundary at 1000 m, and by 50 years contamination occurs
throughout the model domain. Overall the FRACTRAN transport simulation results
confirm the strong attenuation inferred based on the field data, showing matrix diffusion
effects can account for such strong plume attenuation when combined with a finite source
input. Given that the majority of contaminant mass now occurs in the rock matrix, mass
discharge in downgradient portions of the plume may be relatively small. For example,
based on the FRACTRAN results the mass discharge in the downgradient portion of the
plume at X=800 m at 50 years was assessed. This provides an estimated TCE mass
discharge at 50 years of about 0.3 kg/year per m width (since model domain is a vertical
cross-section with unit thickness). With expectations of strong attenuation with distance,

mass discharge would be significantly lower than this further downgradient. Thus, even if
the Park Avenue well field is a potential receptor of aqueous contaminant mass from the
former CDE facility, any resulting increase in concentrations would likely be very small
when dilution effects from pumping are factored in.

2.6.3. Future Projections

For future projections, two scenarios were assumed: (1) continued input at 10% of
solubility, and (2) complete removal of the source input term. The latter scenario is
consistent with the recent OU2 remedial efforts focused on contaminated overburden
removal, assuming any remnant DNAPL in overburden is successfully removed and no
longer contributes mass to the bedrock system. This could also represent a scenario where

ALCOIM | U.S. Amy Corps of Engineers
\’I RNIE 5 Comell-Dubilier Electronics Superfund Site 2-23
Draft FS Report




Section 2
Remedial Investigation Findings

not all DNAPL is removed, but where a source zone hydraulic control system is put in
place where any contaminant mass emanating from the source zone is captured and
treated. The results show little impact from complete removal of source mass input on
persistence of the downgradient plume, which may be expected given that the majority of
the contaminant mass exists in the rock matrix. While some minor improvements in
groundwater quality internally within the plume are achieved from complete source
removal or cutoff, the time to achieve such benefits are extremely long and
concentrations still remain elevated for very long time periods (i.c., on the order of
several hundred years).

Actual source conditions at the CDE Site are likely in between the two scenarios given
recent efforts to remove contaminated overburden materials. While these FRACTRAN
DFN simulations do not incorporate a sufficiently large domain to capture the full
simulated plume extent, the expectation is that the rate of plume front migration would be
very slow at present time due to effects of matrix diffusion. These simulations also
suggest efforts to completely remove source inputs would have negligible impact on
conditions nearer the plume front within any reasonable timeframe.
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3. Remedial Action Objectives

RAOs are specific goals for protecting human health and the environment. The
development of these goals involves consideration of ARARs and to be considered
(TBC) materials, as well as the results of the BHHRA. An overview of ARARs and TBC
information is preserited, followed by identification of site-specific ARARs. PRGs are
then selected that conform to the ARARs and TBCs. Then, GRAs are selected to satisfy
the RAOs. '

3.1. Overview of ARARs

3.1.1. Definition of ARARs

CERCLA 121(d)(2)(A) requires that remedial actions comply with or waive identified
ARARs. ARARs consist of two sets of requirements: those that are applicable and those
that are relevant and appropriate. Applicable requirements are those substantive
standards that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a National Priorities List (NPL) site.
The second set of requirements consists of relevant and appropriate requirements. The
relevance and appropriateness of a requirement may be judged by comparing a number of
factors, including the characteristics of the remedial action, the hazardous substances in
question, or the physical characteristics of the site, with those addressed in the
requirement. A requirement that is judged to be relevant and appropriate must be
complied with to the same degree as if it were applicable.

3.1.2. “To Be Considered” Information

Many federal and state environmental and public health agencies develop criteria,
advisories, guidance, and proposed standards that are not legally enforceable, but contain
information that would be helpful in carrying out, or in determining the level of
protectiveness of, selected remedies. TBC materials are meant to complement the use of
ARARs, not compete with or replace them. Because TBCs are not ARARs, their
identification and use are not mandatory.

Where no ARARs exist to address a particular situation, the TBCs may be used to set
cleanup targets (in conjunction with a baseline risk assessment). Many ARARs have
broad performance criteria but do not provide specific instructions for implementation.

Often, these instructions are contained in supplemental program guidance that may be
considered TBCs.
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3.1.3. Types of ARARs

Any substantive environmental requirement has the potential to be an ARAR. A
substantive requirement typically specifies a level or standard of control, although it
could also provide performance criteria or location restrictions. To simplify the universe
of such requirements, USEPA divides ARARs into three categories to facilitate
identification:

B Chemical-Specific ARARS: are either health- or risk-based numerical values or
methodologies that establish the acceptable amount or concentration of a chemical
that may remain in or be discharged to the environment. Where more than one
requirement addressing a contaminant is determined to be an ARAR, the most
stringent requirement should be applied, unless it is waived by the Regional
Administrator.

B Location-Specific ARARS: are restrictions of certain activities based on the
concentration of hazardous substances solely because of geographical or land use
concerns. Requirements addressing wetlands, historic places, floodplains, or
sensitive ecosystems and habitats are potential location-specific ARARs.

B Action-Specific ARARs: set restrictions on the conduct of certain activities or
operation of certain technologies at a particular site, and are primarily used to assess
the feasibility of remedial technologies and alternatives. Regulations that dictate the
design, construction, and operating characteristics of incinerators, air stripping units,
or landfills are examples of action-specific ARARSs.

3.2. Identification of Applicable or Relevant and Appropriate
Requirements

- 3.2.1. Chemical-Specific ARARs and TBCs

Chemical-specific ARARs define concentration limits for environmental media. The
bedrock aquifer at the Cornell-Dubilier Electronics Superfund Site has been identified by
New Jersey as Class IIA (a potential source of drinking water). Therefore, ARARs
include relevant standards derived from the Safe Drinking Water Act Maximum
Contaminant Levels (MCLs) (40 CFR 141), the New Jersey Drinking Water Quality Act
MCLs (New Jersey Administrative Code [NJAC] 7:10-16), and the New Jersey
Groundwater Quality Criteria (NJAC 7:9-6). Chemical-specific ARARs are listed in
Table 3-1. Groundwater TBC information includes USEPA risk-based regional
screening levels. The numerical NJDEP Groundwater Quality Criteria, NJDEP MCLs,
and Federal MCLs for the OU3 COCs are listed in Table 3-2.

3.2.2. Location-Specific ARARs and TBCs

3.2.21. Floodplains and Wetlands

The northeastern border of the former CDE facility property is the Bound Brook. Most
of the property, including the formerly developed portion, lies outside of the flood hazard
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area and the 100- and 500-year floodplains. The southeastern portion of the facility,
however, is located within the flood hazard area and the 100- and 500-year floodplains of
the Bound Brook (FWENC, 2002). Several wetland areas are also present adjacent to the
Bound Brook and in the southwestern portion of the facility (Malcolm Pirnie, 2008b).
The federal and state ARARs and TBC materials associated with protecting floodplains
and wetlands during remedial activities are listed in Table 3-3.

3.2.2.2. Historical and Cultural Resources

A cultural resources Phase 1B investigation is currently underway as part of OU2
remedial activities. A cultural resources survey will be performed as part of the OU4 RI
for areas within the Bound Brook floodplain. Additional surveys may be conducted prior
to remedial activity to ensure that no historic resources will be affected by the activity, in
accordance with ARARs listed in Table 3-3.

3.2.2.3. Rare, Threatened, or Endangered Species

No state or federal threatened or endangered species have been identified in the vicinity
of the former CDE facility. However, as part of Natural Heritage Data Requests made in
support of the Revised Final Habitat Assessment Report for OU2 (Malcolm Pirnie, June
2008), the US Fish and Wildlife Service (USFWS) indicated that the Indiana bat has the
potential to be in the area. Furthermore, the National Oceanic and Atmospheric
Administration (NOAA), as part of a site review, identified the catadromous American
eel as a trust resource in Bound Brook (NOAA, 1999). Additional inquiries have been
made of NJDEP as part of the on-going OU4 RI. Table 3-3 lists ARARs specific to
protection of threatened or endangered species in the event that they are identified in the
future.

3.2.3. Action-Specific ARARs and TBCs

Most action-specific ARARs and TBC information address treatment, transportation, and
disposal of hazardous waste. Table 3-4 includes descriptions of action-specific ARAR
that may be associated with potential remedial actions. A detailed discussion of ARAR
compliance for specific remedial alternatives is included in Section 6.

3.3. Technical Impracticability

Technical Impracticability (TT) is a regulatory determination that remedial actions at the
Site, or a portion of the Site, cannot achieve remediation goals (e.g., chemical-specific
ARARs) using available technologies due to several possible factors. These factors may
include technology limitations, contaminant phase (i.e., aqueous versus NAPL),
contaminant depth, complexity of geological setting, and hydraulic regime (e.g., low
hydraulic conductivity). As a result, the owner/operator will not be required to meet the
ARARs, but may be required to meet an alternative level or achieve an alternative
remedial goal. Furthermore, a TI decision applies only to the spatial three-dimensional
area (TI zone) in which ARARs or other cleanup standards will not be achieved. Outside
of the TI zone, the ARARs will still remain as the final cleanup goal. Sites incorporating
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TI waivers into final decision documents must maintain protection of human health and
the environment.

As indicated in the USEPA document Technical Impracticability Decisions for. Ground
Water at CERCLA Response Action and RCRA Corrective Action Sites (USEPA, 1998), a
NAPL release in fractured sedimentary bedrock is an example of site conditions that may
pose technical limitations to aquifer restoration. At OU3, the RI demonstrated that a
significant portion of the contaminant mass now resides in the low-permeability rock
matrix where groundwater is nearly immobile; therefore, implementation of remedial
technologies that are typically capable of removing mass from the fractures only is futile
due to back diffusion.

While evaluating potential remedial technologies for this FS, the technical feasibility of
aquifer restoration and the need to waive ARARs for TI was also evaluated. Based upon
the findings of the potential for aquifer restoration, it has been concluded that a waiver of
the groundwater ARARs is recommended due to TI. A stand-alone TI Evaluation Report
(TIER) was prepared to document the need to waive ARARs. The TIER documents the
specific ARARs being waived and the area where a TI waiver is needed.

Figure 3-1 shows the extent of the TI zone based on the assessment performed in the
TIER. As discussed in the RI, based on the direction of groundwater flow from
groundwater modeling and potentiometric surface maps, and the current understanding of
the historical pumping of nearby wellfields, aqueous contaminant mass from the former
CDE facility could not have impacted monitoring wells ERT-5, ERT-6, and MW-18.
However, for monitorability purposes, these wells have been included in the TI zone.

[NOTE TO REVIEWER: A MORE SPECIFIC REFERENCE TO THE TIER WILL BE
ADDED TO THIS SECTION AFTER USEPA COMPLETES REVIEW OF THIS
DRAFT FS REPORT].

3.4. Remedial Action Objectives

In developing RAOs for groundwater, USEPA expects to return usable groundwater to its
beneficial uses wherever practicable, within a timeframe that is reasonable given the
characteristics of the site. USEPA also acknowledges, however, that groundwater
restoration to drinking water standards is not always achievable due to limitations in
remedial technologies and other site-specific factors.

The RI established that much of the contaminant mass initially released as a DNAPL into
the bedrock fractures at OU3 currently resides as sorbed and dissolved mass in the
mudstone rock matrix. Back-diffusion of the contaminants in the rock matrix are
continuing sources for the bedrock groundwater. Given the difficulties of accessing or
removing contaminant mass from the rock matrix, it is unlikely that application of any
existing remedial technologies will result in the achievement of drinking water standards
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within a reasonable time-frame. As discussed above, it is recommended that a waiver of
the groundwater ARARs be required due to TI.

Wells used to supply groundwater for potable and non-potable uses are located within a
1-mile radius of the former CDE facility. When restoration of groundwater to beneficial
uses is not practicable, USEPA expects to prevent further migration of contaminants,
prevent exposure to the contaminated groundwater, and evaluate further risk reduction.
The RAOs for OU3 have been developed to satisfy these expectations with respect to
prevention of exposure to contaminated groundwater via direct contact, ingestion, or
inhalation. The potential for groundwater constituents to migrate to surface water and
sediments in Bound Brook is being evaluated as part of OU4. RAOs related to the
surface water discharge pathway will be developed as part of the OU4 CERCLA process.
The RAOs for OU3 are as follows:

B Prevent migration of contaminants to areas beyond the TI zone.

M Reduce the potential human health and ecological risks to receptors from exposure by
contact, ingestion, or inhalation of contaminated groundwater.

3.5. Preliminary Remediation Goals

Preliminary remediation goals were developed for groundwater based on the ARARs
discussed above. The most stringent of the federal MCLs, NJDEP MCLs, and NJDEP
groundwater quality criteria were selected as the remediation goal for the COCs (see
Table 3-2). Consistent with the RAOs and the TI waiver, these numerical goals will be
used for developing use restrictions and other actions to prevent exposure, and for
assessing the extent of the aqueous plume, but not for achieving restoration of
groundwater to the numeric goals/criteria.
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4. Evaluation and Screening of General Response
Actions and Remedial Action Technologies

The purpose of this section is to identify and screen GRAs and remedial technologies and
process options that can potentially achieve the RAOs identified in Section 3. The
technology selection and screening processes were conducted in accordance with the
USEPA RIFS Guidance for CERCLA sites (USEPA, 1988). Various databases,
technical reports, and publications (refer to Section 4.2 “Sources and Methods for
Identification of Potentially Applicable Technologies”) were used to conduct a search to
identify applicable technologies. Next, for each GRA, technology classes that encompass
the means for achieving the GRAs were selected. The selected technology classes were
expanded into lists of potentially applicable process options. The technologies identified
and evaluated during this FS may be supplemented by other technologies during the
design phase for QU3.

As an initial screening, the list of process options was refined by evaluating each process
option in terms of technical implementability. In this step, process options that were
clearly ineffective or unworkable at the Site were eliminated. Technologies and process
options that were retained after the initial screening were submitted to a second screening
process and evaluated in terms of effectiveness, implementability, and relative costs. The
implementability evaluation for the second screening step places a greater emphasis on
the institutional aspects of implementability, such as the ability to obtain necessary
permits, the availability of treatment, storage, and disposal services, and the availability
of necessary equipment and skilled workers to implement the technologies. Technologies
that were retained after the second screening were then used to assemble remedial
alternatives, as discussed in Section 5.0.

4.1. General Response Actions

GRAs are broad classes of responses or remedies developed to meet the RAOs. The
GRAs consider the nature of the contamination (i.e., dissolved in groundwater and
diffused into or sorbed onto the rock matrix), the COCs (chlorinated solvents,.
dioxins/furans, inorganics [primarily arsenic and lead] and PCBs), the physical and
hydrogeological characteristics of the Site, and existing Site infrastructure. Seven GRA’s
have been identified for OU3:

B No Action

B Institutional Controls

B Monitored Natural Attenuation (MNA)
B In Situ Treatment
n

Containment
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B Ex Situ Treatment
W  Groundwater Disposal Options

Although commonly used as a GRA for groundwater at other CERCLA sites, extraction
was not considered to be an applicable GRA for OU3. Extraction GRAs are designed to
collect contaminated groundwater for subsequent treatment with the goal of reducing the
volume or toxicity of contaminants. Containment GRAs may also include groundwater
removal (or extraction). However, although both extraction and containment GRAs may
involve removal (or extraction) of groundwater, the goal of an extraction GRA is to
maximize contaminant mass removal, whereas the goal of a containment GRA is to
prevent contaminant mass from migrating to receptor areas. This distinction is -
significant because it drives the design of a pump-and-treat system, including number and
placement of extraction wells, and optimal groundwater extraction rates (extraction rates
are typically higher for extraction GRAs than for containment GRAs). The groundwater
extraction GRA is not applicable at OU3 because most of the contaminant mass is present
in the rock matrix and thus not available for extraction; a pump-and-treat system
designed to remove contaminant mass at QU3 would likely be operated for many years
(at a much higher pumping rate than a containment system) and would be inefficient, as
the rate of mass removal would be dictated by the rate of contaminant mass diffusion out
of the rock matrix.

No Action

Consideration of a ‘No Action’ response action is required by the NCP. The No Action
response serves as a baseline against which the performance of other GRAs may be
compared. Under the No Action response, no remedial actions would be performed to
reduce the toxicity, mobility, or volume of contaminated groundwater. No institutional
controls would be implemented either on-Site or off-Site as part of the No Action GRA.

Institutional Controls

Institutional controls are legal or administrative measures designed to prevent or reduce
human exposure to hazardous substances. Such measures may include groundwater use
restrictions and provision of an alternate water supply. Institutional controls are often
implemented in conjunction with other remedy components. For OU3, an institutional
control may include establishment of a classification exception area (CEA) in accordance
with New Jersey regulations.

Monitored Natural Attenuation

This GRA relies on natural mechanisms including dispersion, dilution, adsorption, and
biodegradation to reduce contaminant concentrations in groundwater. There is no
intervention to manipulate the physical, geochemical, or hydrological regime.
Comprehensive monitoring is a required component of this GRA to evaluate and verify
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the progress of MNA, as is a contingency plan that defines the appropriate response
action(s) should MNA not perfoiim as expected.

In Situ Treatment

In situ treatment technologies may be used to reduce contaminant concentrations without
removal or containment of groundwater. Many in situ treatment options are typically
applied only for source areas (e.g., thermal treatment, in situ chemical oxidation). Other
in situ treatment options may also be applied at areas of lower contaminant concentration
(e.g., in situ bioremediation).

Containment

Groundwater containment is typically achieved using physical vertical barriers, surface
caps to limit precipitation infiltration, or hydraulic controls (e.g., interceptor trenches and
extraction wells). Containment actions are taken to inhibit further migration of
contaminated groundwater by minimizing recharge to the groundwater table and/or
altering the groundwater flow direction (i.e., minimizing mobility of contaminants).
Containment options typically are not aimed at reducing the volume or toxicity of
contaminants; however, containment that involves groundwater extraction and treatment
would also result in reducing the volume of contaminants existing in the fracture water.

Ex Situ Treatment

Ex situ treatment GRAs are typically paired with GRAs involving collection of
contaminated groundwater. The goal of ex situ treatment is to reduce concentrations of
contaminants in groundwater to levels required for the selected discharge process option.
Ex situ treatment includes technologies that involve biological and physical/chemical
processes, as well as transport for off-=Site treatmerit.

Groundwater Disposal Options

Groundwater disposal GRAs are typically paired with GRAs involving collection of
contaminated groundwater. Extracted groundwater could be transported to a permitted
Resource Conservation and Recovery Act (RCRA) treatment/storage/disposal facility
(TSDF) or discharged to a publicly owned treatment works (POTW) for treatment.
Alternatively, the groundwater could be treated on-Site using ex situ treatment and then
discharged to a POTW, to a nearby surface water body, or injected into the subsurface via
deep well injection.

4.2. Sources and Methods for Identification of Potentially
Applicable Technologies

Several databases, guidance documents, and journal articles addressing remediation in
fractured bedrock were used to identify potentially applicable remedial technologies for
OU3. The following sources are of particular note:
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B Federal Remediation Technologies Roundtable (FRTR) website
(http://www.frtr.gov/matrix2/top_page.html)

m USEPA Hazardous Waste Clean-up Information web site — fractured bedrock project
profiles: (http://www.clu-in.org/products/fracrock/)

B Fractured Rock: State of the Science and Measuring Success in Remediation
(National Ground Water Association, September 2005)

W DNAPL Source Reduction: Facing the Challenge (ITRC, April 2002)

W Critical Review of State-of-the-Art In Situ Thermal Technologies for DNAPL Source
Zone Treatment (ESTCP, 2010)

B Presumptive Response Strategy and Ex-Situ Treatment Technologies for
Contaminated Ground Water at CERCLA Sites (USEPA, 1996)

4.3. Technology Identification and Technical Implementability
Screening

The following sub-sections describe the technology classes and process options that
encompass the means for achieving the GRAs. For example, in situ treatment is a GRA
that may achieve RAOs using thermal treatment, in situ chemical oxidation (ISCO), or
biological remediation technologies. Specific process options were identified within each
technology class. For instance, ISCO, which is a technology class, includes process
options related to the type of oxidant selected, such as permanganate, hydrogen peroxide,
or sodium persulfate.  Applicable process options were selected based on an
understanding of the characteristics of the contaminated media and the technologies that
are available to address the media.

The universe of potentially applicable technology types and process options was reduced
by screening the technologies and process options with respect to technical feasibility for
OU3. This was accomplished by using the information collected during the RI regarding
the Site geology and contaminant concentrations and distribution. The major factors that
influence the technical feasibility of remedial technologies at OU3 are the complex
geology (fractured rock), depth of contamination (greater than 100 feet below ground
surface), and the commingled presence of various contaminant classes. Also, the high
concentrations of chlorinated solvents suggest the presence of DNAPL, and rock matrix
testing has shown that chlorinated ethenes are present within the rock matrix, where they
are not easily accessible for extraction or treatment. Table 4-1 lists the identified
technologies and process options and summarizes the outcome of the technical
implementability screening. Results of the preliminary screening of technologies and
process options identified for each GRA are also discussed below.
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4.3.1. GRA: No Action

Under the No Action response, no remedial actions would be performed to reduce the
toxicity, mobility, or volume of contaminated groundwater. No institutional controls
would be implemented either on-Site or off-Site as part of the No Action GRA. The NCP
requires that the No Action alternative be developed as one of the potential remedial
actions to be considered in a Feasibility Study. Therefore, the no action response will be
retained for further evaluation.

4.3.2. GRA: Institutional Controls

The remedial technology identified under the Institutional Controls GRA consists of
administrative restrictions focused on minimizing potential contact with contaminated
groundwater. The process option includes groundwater use restrictions that could be
accomplished by establishing a groundwater CEA through NJDEP. This process option
is technically feasible and has been retained for further screening.

4.3.3. GRA: Monitored Natural Attenuation

This GRA relies on natural mechanisms including dispersion, dilution, adsorption, and
biodegradation to reduce contaminant concentrations in groundwater. There is no
intervention to manipulate the physical, geochemical, or hydrological regime. The
process option associated with MNA consists of monitoring groundwater quality with
existing or newly installed wells to verify the progress of MNA. This process option is
technically feasible and therefore, was retained for further evaluation.

4.3.4. GRA: In Situ Treatment

The remedial technologies identified under this GRA consist of measures to treat
contaminated groundwater in situ (i.e., without removal). The technology classes and
associated process options screened under this GRA are described below.

4.3.4.1. Technology Class: Thermal Treatment

Several thermal treatment technologies are identified that may be applicable for use at
OU3. Although many of these treatment technologies have been proven to treat
chlorinated solvent DNAPL, PCBs, pesticides and PAHs, there have been only one or
two applications in fractured bedrock.

Steam-Enhanced Extraction: Steam-enhanced extraction (SEE) uses an alternating
steam injection and vacuum extraction approach to remove volatile and semi-volatile
compounds from the subsurface. The steam injection displaces mobile liquids
(groundwater and mobile NAPL) ahead of the advancing steam zone. Liquids displaced
by the injected steam are pumped from extraction wells. The vapors containing the
volatilized contaminants are captured by vacuum extraction. Once above ground,
extracted groundwater and vapors are cooled and condensed. Liguid hydrocarbons are

separated from the aqueous steam for recycling, and process vapors and water are treated
before discharge.
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Steam is the cheapest form of energy for in sifu thermal treatment because typical boiler
efficiencies range from 80 to 90%. However, SEE application in fractured sedimentary
rock is complicated because it is difficult to achieve hydraulic and pneumatic control.
Steam entering fractures typically gives up heat fairly quickly; large heat losses along
fractures lead to rapid condensation and short travel distances of steam, limiting
treatment effectiveness. The presence of most of the contaminant mass within the rock
matrix complicates any technology that relies on contaminant flow through fractures
during remediation. For SEE, when the fractures are initially filled with steam or hot
condensate, temperature gradients will be inward towards the matrix block centers,
potentially discouraging diffusion out of the matrix. After heat-up is accomplished,
pressure cycling is hoped to enhance mass removal by boiling the pore water in the
matrix. However, the effects of heat transport from fractures on contaminants within
rock matrices have not been researched, and are largely unknown (USEPA, 2005).

Several SEE applications have been performed at large sites. MCL level groundwater
concentrations have been achieved at two sites, leading to site closure. Relatively new
thermal treatment schemes involving combinations of SEE with thermal conduction
heating (TCH) seek to optimize the use of the lower-energy method (i.e., by enhancing
electrical heating projects using steam injection). Therefore, SEE will be retained for
further evaluation, especially in the context of combining SEE with electrical heating.

Electrical Resistance Heating: Electrical resistance heating (ERH) involves installation
of electrodes in the subsurface. Soil and groundwater are heated by the passage of
electrical current between the electrodes. It is the resistance to the flow of electrical
current that results in increased subsurface temperatures. The maximum achievable
temperature with ERH is the boiling point of water. As the subsurface is heated,
contaminants are volatilized and soil moisture and groundwater are converted to steam.
Above ground treatment involves treating vapors, condensate, and entrained water.

Unlike SEE, ERH does not rely on fluid movement to deliver heat, and therefore may be
more applicable to the dual-porosity matrix at OU3. ERH electrodes are constructed
using readily available materials (e.g., steel pipe, sheet piling) and have been used to treat
contamination to depths of 100 feet bgs (ESTCP, 2010). Over 75 ERH applications have
been completed, including several DNAPL applications. A literature search revealed
documentation of only one ERH application in fractured bedrock. This application was
deemed to be successful (reduction of groundwater concentrations by 98%), but it was a
fairly shallow application (i.e., treatment of bedrock depth 20 to 28 feet bgs). ERH is
potentially technically implementable at OU3 and has been retained for further
evaluation.

Dynamic Underground Stripping and Hydrous Pyrolysis Oxidation: Dynamic
Underground Stripping and Hydrous Pyrolysis Oxidation (DUS/HPO) combines several
technologies to remediate groundwater contaminated with organic compounds. Steam is
injected at the periphery of a contaminated area to heat permeable subsurface areas,
vaporize volatile compounds bound to the soil, and drive contaminants to centrally
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located vacuum extraction wells. ERH is used at less permeable areas to vaporize
contaminants and drive them into the steam zone. HPO occurs when steam and air are
injected in paired wells. When injection is halted, the steam condenses and contaminated
groundwater returns to the heated zone, where it mixes with oxygen-rich condensed
steam, and contaminants in the groundwater are oxidized.

HPO/DUS has been used to remediate DNAPL in the field, and laboratory studies have
been successful for TCE and PCBs. HPO/DUS is a labor-intensive process, requiring
significant field expertise to implement. There is no case study information for the
application of this technology in fractured rock. This technology combines elements of
the other technologies already being evaluated (i.e., ERH and SEE); therefore, HPO/DUS
will not be retained for further evaluation.

Thermal Conduction Heating: Thermal conduction heating (TCH), also known as in
situ thermal desorption (ISTD), is the simultaneous application of heat and vacuum to the
subsurface to remove organic contaminants. Heat is applied by installing electrically
powered heaters throughout the zone to be treated. The heat moves out into the inter-well
regions primarily via thermal conduction. In fractured rock systems, boiling of fluids in
the fractures and within the rock matrix leads to steam formation. The steam is captured
by the vacuums applied at each heater boring. TCH may be applicable for higher boiling
point organics such as PCBs, PAHs, and pesticides because it can heat the subsurface to
temperatures exceeding 300 degrees Celsius (°C) assuming that the amount of water in
the treatment area can be controlled, because water has a cooling effect on the treatment
area.

Similar to ERH, TCH does not rely on fluid movement to deliver heat, and therefore may
be more applicable to the dual-porosity matrix at OU3. TCH has been applied
successfully to treat DNAPL in a gneiss bedrock (Heron et al., 2008). It has also been
applied recently to treat DNAPL in a fractured mudstone at a demonstration project site
located at the former Naval Air Warfare Center (NAWC) in Trenton, New Jersey. The
initial results of this application are promising (TerraTherm, 2010). TCH is retained for
further evaluation because it is potentially technically implementable at OU3.

43.4.2. Technology Class: Biological Treatment

Bioremediation is a technology in which the physical, chemical, and biological
conditions of a contaminated medium are manipulated to accelerate the natural
biodegradation and mineralization processes. Biodegradation is the process whereby
microorganisms alter the structure of a chemical, while mineralization is the complete
biodegradation of a chemical to carbon dioxide, water, and simple inorganic compounds.
In nature, both partial biodegradation and complete mineralization take place; the
processes, however, are frequently slow. Biodegradation and mineralization are
potentially applicable only to the organic COCs present at OU3 (i.e., CVOCs, PCBs,
pesticides, dioxins/furans and SVOCs). Furthermore, heavier, more chemically complex
organic compounds tend to be recalcitrant to biodegradation and mineralization (e.g.,
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PCBs, dioxins/furans). Biostimulation and bioaugmentation are two processes used to
enhance the rates of biodegradation and mineralization. Biostimulation involves the
-addition of amendments such as carbon substrates and nutrients to stimulate
biodegradation. Bioaugmentation involves the addition of engineered microbes that are
known to degrade the contaminants of interest.

Enhanced Reductive Dechlorination via Biostimulation: Reductive dechlorination is
the most important process in the natural biodegradation of chlorinated solvents. For
reductive dechlorination to completely degrade chlorinated VOCs such as TCE and cis-
DCE, the geochemical conditions in the subsurface must be ideal and microorganisms
that are capable of degrading the chlorinated VOCs must be present. During the RI,
laboratory microcosm studies were performed as a screening-level assessment of whether
biostimulation would be an effective remedy at OU3. Twenty-one groundwater samples
were collected from FLUTe™ wells during the March 2010 sampling event and shipped
to Bioremediation Consulting, Inc. The purpose of the microcosm study was to
demonstrate whether dechlorinating bacteria were active in the samples by the addition of
amendments to optimize conditions for reductive dechlorination. Carbon substrates
including sodium lactate, emulsified vegetable oil (EVO), and com syrup (glucose and
fructose) were added to each microcosm, as well as nutrients (ammonia, nitrate, and
vitamin B12). The data showed that every microcosm contained anaerobic sulfate-
reducing bacteria, nine microcosms contained methanogens, and 11 samples contained
microbes capable of dechlorinating TCE to cDCE. Microcosms with groundwater
collected from four ports (MW-14D-01, MW-14S-04, MW-16-05, and MW-16-07)
produced VC and ethene, implying that the bactetium Dehalococcoides ethenogenes
(DHE) was active in those four samples (see Appendix B for the full report containing
the microcosm data). To date, the complete sequential dechlorination of TCE to ethene
has been demonstrated only for DHE.

A full-scale approach for enhanced reductive dechlorination (ERD) at OU3 would
involve injection of a carbon substrate to promote achievement of appropriate
geochemical conditions in the subsurface and to foster growth of the dechlorinating
bacteria. This process has been used successfully to treat chlorinated ethenes at
numerous sites, including fractured bedrock settings. ERD via biostimulation is
technically feasible and will be retained for further evaluation.

Enhanced Reductive Dechlorination via Bioaugmentation: Bioaugmentation involves
the addition of non-native organisms known to degrade the contaminants of interest.
Bioaugmentation is typically conducted in concert with biostimulation. Bioaugmentation
may be used at a site when the presence of an appropriate population of microbes is not
present or sufficiently active to stimulate complete degradation. As discussed above, the
microcosm study indicated that dechlorinating bacteria are present at some locations;
however, other locations did not exhibit the presence of functional dechlorinating
bacteria. Also, the microcosms were designed to investigate the presence of bacteria for
chlorinated ethene degradation only. Heavier organic compounds (i.e., PCBs, PAHs,
pesticides) are more recalcitrant to microbial degradation. However, microbial cultures
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have been developed to target these more recalcitrant compounds. Although field
experience with bioaugmentation is more limited than biostimulation alone, this process
option is technically feasible and will be retained for further evaluation.

43.43. Technology Class: In Situ Chemical Oxidation

In situ chemical oxidation (ISCO) involves the delivery and distribution of oxidants and
other amendments into the subsurface to transform COCs into innocuous end products
such as carbon dioxide, water, and inorganic compounds. The appropriateness of ISCO
technology at a site depends on matching the oxidant and delivery system to the site
contaminants and site conditions. For ISCO to be effective, the oxidant must come into
direct contact with COCs. The most common oxidants utilized for ISCO are
permanganate, catalyzed hydrogen peroxide (CHP), and activated persulfate. Each of
these oxidants was evaluated as a potentially feasible process option.

ISCO with Permanganate: Permanganate is an oxidizing agent with a unique affinity
for oxidizing organic compounds with carbon-carbon double bonds (e.g., TCE and cis-
DCE). There are two forins of permanganate that are used for in-situ chemical oxidation:
potassium permanganate (KMnQO,4) and sodium permanganate (NaMnQO,4). Potassium
permanganate is available as a dry crystalline material, while sodium permanganate is a
liquid. Permanganate turns bright purple when dissolved in water; this purple color acts
as a built-in indicator for unreacted chemical. Reacted permanganate is black or brown,
indicating the presence of a manganese dioxide (MnQO;) byproduct. Compared to the
other commonly used oxidants, permanganate is more stable in the subsurface. Unlike
CHP, permanganate does not degrade naturally and can persist in the subsurface
indefinitely (i.e., it is only consumed by interaction with contaminants or natural organic
material). The persistence of permanganate in the subsurface allows for diffusion of the
oxidant into the subsurface matrix — making treatment of less permeable materials (i.e.,
clay or sedimentary rock) possible over time. ISCO with permanganate will be retained
for additional evaluation.

ISCO with CHP: CHP involves the injection of hydrogen peroxide under acidic
conditions in the presence of a ferrous iron catalyst to form hydroxyl free radicals.
Hydroxyl radicals are very effective and nonspecific oxidizing agents. However, they are
unstable and have a fairly short active life (i.e., on the order of hours or a few days). This
short active life is not conducive to the longer diffusive time scales required to treat the
rock matrix at OU3. In addition, it could prove difficult to effectively catalyze the
peroxide with the ferrous iron in fractured rock because each reagent is injected
separately, and mixing may be inadequate within narrow and dead-end fractures.
Therefore, ISCO with CHP has not been retained for further evaluation.

ISCO with Activated Persulfate: Sodium persulfate dissociates in water to form the
persulfate anion (S;0s>) which, although a strong oxidant, is kinetically slow in
oxidizing many organic contaminants. When catalyzed or ‘activated’ in the presence of
high pH (e.g., via addition of sodium hydroxide [NaOH]), heat (thermal catalyzation), a
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ferrous salt, or hydrogen peroxide, the persulfate ion is converted to the sulfate free
radical (SO;”). The sulfate free radical is a very potent oxidizing agent that has a greater
oxidation potential and can degrade a wider range of environmental contaminants at
faster rates than the persulfate anion. Formation of SO,” may also initiate the formation
of the hydroxyl free radical, another strong oxidizing agent, as well as a series of radical
propagation and termination chain reactions whereby organic compounds may be
transformed. Persulfate is an attractive oxidant for DNAPL treatment because it persists
in the subsurface, can be injected at high concentrations, and will undergo density-driven
and diffusive transport into low-permeability materials. ISCO with activated persulfate
has been retained for further evaluation.

4.3.44. Technology Class: Permeable Reactive Barriers

Permeable reactive barriers (PRBs) are installed across the flow path of a contaminant
plume, allowing the water portion of the plume to passively move through the wall.
These barriers allow the passage of water while inhibiting the movement of contaminants
by employing such reactive agents as zero-valent metals, chelators (ligands selected for
their specificity for a given metal), sorbents, microbes, and other reactive media. The
majority of installed PRBs use zero-valent iron (ZVI) as the reactive medium for the
treatment of chlorinated ethenes. As the iron is oxidized, a chlorine atom is removed from
the chlorinated ethene by one or more reductive dechlorination mechanisms, using
electrons supplied by the oxidation of iron. The iron granules are dissolved by the
process, but the metal disappears so slowly that the remediation barriers can be expected
to remain effective for many years, possibly even decades. PRBs are generally intended
for long-term operation to control migration of contaminants in groundwater. Granular
ZVT and nano-scale ZVI were evaluated as process options for PRBs at OQU3.

PRB using Granular ZVI: The granular iron used in most PRB applications comprises
a mixture of ductile and cast iron cuttings obtained from a number of primary industries
that use iron in the production of automotive and related industrial parts. A number of
these “feedstocks” are mixed together, put through a rotary kiln in the presence of
proprietary gas mixtures, cooled, milled, and sorted to a specific grain size range. Higher
grain sizes are used for PRBs constructed using excavation methods where the ZVI is
placed directly into a trench. Smaller grain sizes are used for PRBs constructed using
injection technologies (e.g., hydraulic fracturing, high-pressure jetting, or liquid atomized
injection). Given the depth of contamination at OU3 and the fractured rock setting, it is
not feasible to install a PRB using conventional excavation equipment. Although ZVI
emplacement via high-pressure jetting or liquid atomized injection was considered, it is
technically infeasible to accurately emplace a continuous barrier in fractured rock. The
presence of fractures could create multiple pathways for groundwater to circumvent the
granular ZVI medium. Therefore, use of a PRB with granular ZVI will not be retained
for further evaluation.

PRB using'Nano-Scale ZVI: Nano-scale ZVI is composed of sub-micrometer particles
of iron metal (typically 10 — 1000 nanometers). Nano-scale ZVI is highly reactive
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because of its large surface area. Nano-scale ZV1 is a developing technology. One of the
issues associated with the use of nano-scale ZVI is that the particles have a tendency to
agglomerate and settle out of the transport solution. In addition, the particles are denser
than water, which also gives them a tendency to settle in solutions. Various techniques
have been applied to improve nano-scale ZVI stability in solution: emulsification of the
particles; suspension in guar gum, suspension in polymers, and others. Typically, nano-
scale ZV1 is distributed to the subsurface using injection wells. Very few applications of
nano-scale ZVI in fractured rock have been implemented. It is anticipated that it would
be difficult to ensure iron distribution throughout the fracture network and to prevent
flushing of the iron with advective groundwater flow, which can be very significant in
major flow zones. Therefore, use of a PRB with nano-scale ZVI will not be retained for
further evaluation.

4.3.45. Technology Class: Enhanced Desorption and Treatment

Enhanced desorption refers to approaches to enhance DNAPL and dissolved mass
removal involving the injection and subsequent extraction of chemicals or air. Chemicals
may be injected into a system of wells designed to “sweep” the DNAPL zone within the
aquifer. The chemical “flood” and the solubilized or mobilized DNAPL is removed
through strategically placed extraction wells. The produced liquids are then treated and
cither disposed or returned to the subsurface. The chemicals used are typically aqueous
surfactant solutions or cosolvents (e.g., alcohols). When using surfactants, the process is
referred to as Surfactant-Enhanced Aquifer Remediation (SEAR). When co-solvents are
used, the technology is referred to as co-solvent flooding. Both technologies lower the
interfacial tension between DNAPL and the injected chemical(s). Air sparging involves
the injection of air into the aquifer to gasify contaminants and thus mobilize them into the
air stream, which is then extracted and treated at the surface.

Surfactant-Enhanced Aquifer Remediation (SEAR): SEAR involves the preparation
of low viscosity surfactant solutions that are pumped through the DNAPL contaminated
zone by introduction at injection points and removal from extraction points. Detailed site
characterization is necessary to define DNAPL zone boundaries and to understand the
hydrostratigraphy of the zones to be flushed to avoid unintended DNAPL migration.
Hydraulic continuity between the injection and extraction points is required to recover the
mobilized DNAPL and the injectants. This hydraulic continuity is difficult to obtain in a
fractured rock setting. Also, the surfactants are not expected to mobilize contaminant
mass that has diffused into the rock matrix. Therefore, SEAR will not be considered for
further evaluation.

Co-Solvent Flooding: Co-solvents, usually alcohols, are chemicals that dissolve in both
water and NAPL. In an alcohol flood, the alcohol may partition into both the NAPL and
water phases. Partitioning affects the viscosity, density, solubility, and interfacial tension
of the NAPL. The physical properties of the NAPL vary with the amount of alcohol
available for interaction, and whether the alcohol preferentially dissolves into the NAPL
or into the water. Complete miscibility is achievable and results in a pumpable solution
that, depending upon the density of the NAPL and the proportions of alcohol and water in
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the solution, may be more or less dense than water. As with SEAR, the success of co-
solvent flooding depends on whether hydraulic continuity is maintained between the
injection and extraction points. Because of the great uncertainty involved in maintaining
hydraulic connectivity in fractured rock, co-solvent flooding will not be considered for
further evaluation.

Air Sparging: Air sparging involves injection of a gas (typically air) under pressure into
the saturated zone to volatilize groundwater contaminants. Volatilized vapors migrate
into the vadose zone where they are extracted under vacuum, generally by a soil vapor
extraction system. Air sparging has been used at many sites to treat chlorinated ethenes,
including DNAPL. Successful use of air sparging technology depends on the ability of
the system to effectively deliver air to the treatment area and the ability of the subsurface
media to transmit the air. Heterogeneous conditions, such as the presence of multiple
fractures, limit the effectiveness of this technology because the fractures create
preferential flowpaths for the air. This technology would not be effective at removing
contaminants from smaller fractures, and also would not treat contaminants diffused into
or sorbed onto the rock matrix. Therefore, air sparging will not be considered for further
evaluation.

4.3.5. GRA: Containment

Containment technologies can mimic source treatment by preventing the migration of
contaminants to existing or potential downgradient receptors. Containment technologies
include hydraulic control, caps, and vertical barriers, such as sheet piles or slurry walls.
These technologies provide hydraulic containment by preventing the migration of
groundwater from a source area. The technology classes and associated process options
screened under this GRA are described below.

4.3.5.1. Technology Class: Hydraulic Control

Extraction Wells: Hydraulic control may be achieved by controlling the direction of
groundwater flow with capture zones, which are points of low hydraulic head to which
nearby groundwater flows. When groundwater is pumped from extraction wells, the
groundwater potentiometric surface is modified. By optimizing the locations of the
extraction wells and adjusting the groundwater pumping rates, a potentiometric surface
can be manipulated to prevent groundwater carrying contaminants from migrating to
receptors. This technology has been used at many sites including fractured rock settings,
and is technically feasible for OU3. The water that is extracted typically requires
treatment and subsequent disposal. Process options for ex situ groundwater treatment and
discharge are discussed in Sections 4.3.6 and 4.3.7, respectively. Hydraulic control using
groundwater extraction wells will be retained for further evaluation.

Interceptor Trenches: Interceptor trenches refer to a wide range of lateral groundwater
collection systems from tile-drain systems to deep horizontal well installations. Recent
technology advances in trench construction methods, such as continuous trenching
equipment, use of biodegradable slurries, geotextiles or plastic shoring materials, and
other innovations have led to the more frequent use of interceptor trenches. All of these
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construction methods involve the installation of a horizontal collection system which
intersects a large cross-section of an aquifer. Groundwater is directed to the interceptor
trench as a result of a hydraulic head drop maintained across the length of the trench.
The hydraulic head drop can be a result of gravity drainage (as in a traditional French
Drain) or can be induced by pumping from a collection sump attached to the trench
system. Interceptor trenches are typically used in shallow groundwater collection
applications in unconsolidated media. This technology is not feasible for use at OU3
because it would require deep trenching through fractured rock. Therefore, interceptor
trenches will not be retained for further evaluation.

4.3.5.2. Technology Class: Vertical Barrier

Slurry Wall: Slurry walls consist of a vertically excavated trench that is filled with a
low-permeability slurry material. Most slurry walls are constructed of a soil, bentonite,
and water mixture. The bentonite slurry is used primarily for wall stabilization during
trench excavation. A soil-bentonite backfill material is then placed into the trench
(displacing the slurry) to create the cutoff wall. Walls of this composition provide a
barrier with low permeability and chemical resistance. Other wall compositions, such as
cement/bentonite, pozzolan/bentonite, attapulgite, organically modified bentonite, or
slurry/geomembrane composite, may be used if greater structural strength is required or if
chemical incompatibilities between bentonite and site contaminants exist. Slurry walls
are typically placed at depths up to 100 feet in unconsolidated media and are generally 2
to 4 feet in thickness. This technology is not feasible for use at OU3 because it would
require deep trenching through fractured rock. Therefore, slurry walls will not be
retained for further evaluation.

Grout Curtain: Another method used to create a vertical barrier to groundwater flow is
the installation of a grout curtain. Grouting consists of the injection of one of a variety of
special fluids (e.g., epoxy, sodium silicate) or particulate grouts (e.g, Portland cement),
into the soil matrix under high pressure. Grouting reduced permeability and increases
mechanical strength of the grouted zone. When carried out in a linear pattern, grouting
can result in a curtain or wall that can be an effective barrier to groundwater flow. The
rate of grout injection and the spacing between the injection wells are critical. If the rate
of injection is too slow, premature solidification occurs and if the injection rate is too
fast, the formation may be fractured. The advantage of grout curtain emplacement is the
ability to inject grout through relatively small diameter drill holes at unlimited depths.
The main disadvantage of using grout curtains is the uncertainty that complete cutoff is
attained. Given the highly fractured nature of the rock at OU3, it is unlikely that
complete cutoff could be attained with a grout curtain; therefore, this process option will
not be retained for further evaluation.

Sheet Piling: Sheet pile cutoff walls are constructed by driving sheet materials, typically
steel, through unconcolidated materials with a pile driver or vibratory drivers. This
technology is not feasible for OU3 because it is technically infeasible to drive sheet pile

material into consolidated rock. Therefore, sheet piling will not be retained for further
evaluation.
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4.3.5.3. Technology Class: Capping

Capping prevents or reduced infiltration of rainwater to the aquifer. Caps (or covers)
which involve installing low-permeability material at the ground surface, are typically
constructed of soil and synthetic material, asphalt, or bituminous concrete.

Multimedia Cap: A multimedia cap is typically constructed from low-permeability clay
and synthetic membrane covered by soil to minimize groundwater recharge. Although
this process option is implementable at OU3, the remedial action currently underway for
OU?2 at the CDE (i.e., on-Site soil) already includes installation of an asphalt cap over the
majority of the former CDE facility. Therefore, installation of a multimedia cap will not
be retained for further evaluation.

Asphalt or Concrete Cap: This process options involves the installation of a layer of
asphalt or a concrete slab over portions of OU3 to minimize groundwater recharge. As
discussed above, the remedy for OU2 already includes installation of an asphalt cap over
the majority of the former CDE facility. Therefore, installation of an asphalt or concrete
cap would not be necessary for an OU3 remedy, and will not be retained for further
evaluation.

4.3.6. GRA: Ex Situ Treatment

Ex situ treatment may be required when the selected remedy involves groundwater
extraction, and when the groundwater requires on-site treatment prior to discharge (see
Section 4.3.7). Although the technologies employed for treating extracted groundwater
are important aspects of the remedy, they have little influence on reducing contaminant
levels or minimizing contaminant migration at OU3. Therefore, the technologies
presented in USEPA’s Presumptive Response Strategy and Ex-Situ Treatment
Technologies for Contaminated Ground Water at CERCLA Sites (1996) are evaluated.
These presumptive ex situ treatment technologies are well-understood methods that have
been used for many years in the treatment of drinking water and/or municipal or
industrial wastewater. The presumptive technologies presented below are the
technologies retained for the development of remedial alternatives. The presumptive
response guidance document serves as the FS technology screening step (USEPA, 1996)
for the ex situ treatment component of a remedy.

The presumptive technologies for treatment of extracted groundwater containing
dissolved organic contaminants include the following:

Air stripping

n

B Granular activated carbon

B Chemical / Ultraviolet (UV) oxidation
|

Aerobic biological reactors

The presumptive technologies for treatment of dissolved metals include the following: .
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B Chemical precipitation

W Jon exchange/adsorption

The reader is referred to Appendix C, which contains an excerpt from the presumptive
response guidance document (USEPA, 1996), providing descriptions, advantages, and
disadvantages of these technologies. In addition to the presumptive technologies listed in
the guidance, other treatment components may be needed prior to (pretreatment) or
subsequent to (post-treatment) the presumptive technologies. These could include pH
adjustment, methods for separation of oil and/or grease from water, and filtration
technologies to remove solid particles (e.g., resulting from chemical precipitation, from
oxidation, or other processes). These ancillary components are not addressed in detail in
this FS, but may be used to assemble ex situ treatment alternatives, as needed.

4.3.7. GRA: Groundwater Disposal Options

Groundwater discharge or disposal would be required if the remedy for OU3 involved
groundwater extraction. The primary options for groundwater disposal include on-Site
treatment followed by discharge to surface water, a POTW, or deep well injection or
transport to an off-Site location (e.g., POTW or RCRA TSDF) for treatment and disposal.
These options are described and evaluated below.

4.3.71. Technology Class: Off-Site Treatment

Publicly Owned Treatment Works (POTW): This process option involves the direct
discharge of untreated extracted groundwater to a local POTW for treatment.
Wastewater from the CDE facility is directed to a wastewater treatment facility operated
by the Middlesex County Utilities Authority (MCUA). MCUA'’s discharge limitations
are included in Appendix D. Given the high concentrations of toxic organics (in
particular chlorinated ethenes and PCBs) in the groundwater at OU3, pre-treatment would
be required prior to discharge to MCUA facilities, which then puts this technology into
the Discharge of Treated Water technology class (see section 4.3.7.2). Therefore,
discharge of untreated groundwater to a POTW will not be retained as a process option.

RCRA Treatment/Storage/Disposal Facility: This process option involves the
transport of extracted groundwater to a licensed RCRA facility for treatment and/or
disposal. This process option is not technically feasible based on the volumes of water
anticipated to be extracted for a hydraulic containment remedy (likely on the order of 30
to 50 gallons per minute [gpm]). Therefore, this process option will not be retained for
further evaluation.

43.7.2. Technology Class: Discharge of Treated Water

Discharge to Surface Water: This process option involves the discharge of treated
groundwater to Bound Brook. Surface water and sediment in Bound Brook have been
designated as OU4 of the CDE Superfund Site. Investigation and remediation activities
for OU4 may be on-going over the next several years; therefore, discharge to Bound
Brook would need to be designed to avoid interference with these activities. Currently,
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the NJDEP classifies the Bound Brook reach within the Bound Brook Corridor as FW-2
non-trout waters. Discharge to Bound Brook would necessitate treatment of groundwater
to meet effluent criteria required for FW-2 waters, which are more stringent than those
specified by MCUA (see Appendix E). Discharge of treated groundwater to Bound
Brook is retained for further evaluation because it may be technically feasible.

Discharge to POTW: This process option entails the discharge of treated groundwater
to MCUA for further treatment and disposal. A temporary discharge approval (TDA)
would need to be obtained from MCUA, and the ex situ treatment system would need to
be designed to meet MCUA’s discharge limitations (see Appendix D). This process
option is technically feasible and will be retained for further evaluation.

Infiltration Basin or Gallery: An infiltration basin allows treated water to seep through
the ground surface in a controller area. An infiltration gallery includes a subsurface
network of perforated pipes in trenches that return the treated water below the surface,
but above the water table. Assuming that an infiltration basin or gallery would be located
either on or in the immediate vicinity of the CDE facility, this process option is likely not
technically feasible because the top of consolidated bedrock is encountered at four to 15
feet bgs, and it would be infeasible to construct a basin or gallery in fractured rock. Also,
an infiltration gallery or basin would need to be located outside of the area of influence of
any groundwater capture/containment system and it is likely that the former CDE facility
would be within this area of influence. Infiltration basins and gallefies are therefore
considered technically infeasible and have not been retained for further evaluation.

Deep Well Injection: Deep well injection is a liquid waste disposal technology. This
process option involves the use of injection wells to place treated or untreated liquid
waste into geologic formations that have no potential to allow migration of contaminants
into potential potable water aquifers. This option is only technically feasible if
transmissive zones are present deep in the fractured rock, or if the rock is fractured using
hydraulic or pneumatic fracturing techniques. This process option is technically feasible
and will be retained for further evaluation.

4.4. Effectiveness, Implementability, and Cost Screening of
Technology Process Options

Technology process options that were retained after the initial technical feasibility
screening are subjected to a further screening based on the three criteria of
implementability, effectiveness, and relative cost (see Table 4-2). The three screening
criteria are described below.

Implementability

Implementability refers to the technical and administrative feasibility of implementing a
particular process option. Technologies that are clearly not applicable to OU3 of the
CDE Site were previously screened and rejected (see Table 4-1). Therefore,
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consideration of implementability focuses on the administrative implementability of
process options, including the following:

B The constructability of the remedial technology or process option under current
facility conditions (Note: For this FS evaluation, it has been assumed that process
options will be implemented while the facility is undeveloped following OU2
remedial activities (i.e., simply capped with asphalt with an operating stormwater
collection system). Future site development may impact constructability.);

B The time needed to implement the remedial technology or process option to achieve
beneficial results and to satisfy the RAOs; and

W Availability and capacity of off-facility treatment, storage, disposal services.

Effectiveness
Determining the effectiveness of a process option involves the following considerations:

B The ability of the process option to effect reductions in the toxicity, mobility, and/or
volume of each of the contaminant types of potential concern;

B How well the process option will handle the estimated areas or volumes of
groundwater to be remediated;

B The potential impacts to human health and the environment during the construction
and implementation phases; and

B How proven and reliable the process is with respect to the difficult geological
conditions and high concentrations of contaminants present at OU3.

Cost

Process options were screened with respect to relative costs for capital costs as well as
operations and maintenance (O&M costs). Cost discriminators used for preliminary
screening are defined in terms of high, moderate, and low, based on engineering
judgment. In accordance with the RUFS guidance (USEPA, 1988), cost plays a limited
role in the preliminary screening of technologies and process options.

Table 4-2 summarizes the evaluation of the technologies and process options with respect
to implementability, effectiveness, and relative cost.
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4.4.1. No Action

Implementability. The No Action GRA is €asily implementable. It may include
groundwater monitoring and reporting, but does not include any containment, removal,
disposal, or treatment of contaminated groundwater.

Effectiveness. Although chemical specific ARARs are waived within the TI zone, a
stringent monitoring program is required to assure that the RAOs are being met. The No
Action GRA does not provide a sufficiently robust monitoring program to ensure that
RAOs are achieved effectively.

Costs. Costs associated with the No Action GRA include long-term groundwater
monitoring and preparation of five-year reviews. Costs are low relative to the costs for
other GRAs/process options.

Screening Decision. The No Action GRA is retained to serve as a baseline against
which other remedial alternatives may be compared.

4.4.2. Institutional Controls

Implementability. Institutional controls, such as restrictions on installation and usage of
new groundwater supply wells and usage of existing supply wells are readily
implementable. They may be established through a groundwater CEA administered by
the NJDEP.

Effectiveness. The effectiveness of institutional controls in preventing exposure to
contaminated groundwater depends on their continued enforcement. Institutional
controls do not reduce the mass of contaminants, nor do they prevent further contaminant
migration. Institutional controls are commonly implemented in conjunction with other
technologies.

Costs. The costs for establishing and implementing institutional controls are low relative
to the costs for other process options.

Screening Decision. Institutional controls are retained for further evaluation.

4.4.3. Monitored Natural Attenuation

Implementability. MNA is readily implementable. It is commonly applied at sites with
contaminated groundwater, either as a stand-alone technology, or as a polishing step after
the effectiveness of active treatment diminishes. MNA is typically applied over long
periods of time (e.g., decades).

Effectiveness. The effectiveness of MNA varies depending on the efficacy of the various
attenuation mechanisms (i.e., dilution, adsorption, dispersion, biodegradation). At OU3,
a significant attenuation mechanism is the diffusion-driven mass transfer of VOC mass
into the rock matrix. This mechanism has significantly retarded the contaminant plume
front relative to the mean groundwater velocity in the fracture network. As discussed in
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Section 2.3, there is evidence that biodegradation via reductive dechlorination is
occurring, albeit at a slow rate, most likely due to a lack of a carbon source.

Costs. The capital costs for establishing a groundwater monitoring network are low
because it is estimated that the existing monitoring network will suffice with the addition
of four new monitoring locations. However, the O&M costs are moderate because the
monitoring network is extensive both laterally and vertically (i.e., multilevel sample
ports), and because of the large suite of analytes, especially for groundwater, to be
collected from beneath the former CDE facility (i.e., VOCs, PCBs, pesticides, metals,
etc.).

Screening Decision. MNA is retained for further evaluation as both a stand-alone
process option and for use in conjunction with other technologies.

4.4.4. In Situ Thermal Treatment

Three in situ thermal treatment technologies were retained after the initial technical
feasibility screening. Those technologies are further evaluated below.

44.4.1. Steam-Enhanced Extraction (SEE)

Implementability. SEE is readily implementable by several experienced vendors. Steam
injection equipment is readily available, and can be rented or purchased depending on the
duration of the treatment. Extraction and treatment systems for vapor and water are
relatively straightforward for chlorinated ethenes and other organics; however, depending
on effluent requirements, elevated lead and arsenic in groundwater at OU3 could
complicate treatment. Sufficient space needs to be allotted for the above-ground
vapor/water treatment components.

Effectiveness. SEE is effective at mobilizing and removing contaminant mass in porous
media. It has been applied primarily in non-consolidated soil media and has achieved
good results for DNAPL removal. The effectiveness of SEE may be limited in a
fractured environment because it is difficult to achieve hydraulic and pneumatic control.
SEE is applicable only in zones where there is adequate permeability to conduct the
steam (i.e., highly weathered or fractured zones). SEE has been deployed at fractured
bedrock sites at Edwards Air Force Base (AFB) and the former Loring AFB under the
auspices of USEPA’s Superfund Innovative Technology Evaluation program. At Loring
AFB, it was concluded that SEE was not an appropriate technology because of low
permeability fractures with low interconnectivity (USEPA, 2005). At Edwards AFB, the
test was deemed to be very successful for the vadose zone, but treatment was not
continued long enough to heat the aquifer to near steam temperatures, so no conclusions
could be drawn on aquifer restoration efficacy in fractured granite (USEPA, 2005).

Costs. Steam generation is the cheapest form of energy for in situ thermal treatment
because steam boiler efficiencies range from 80 to 90%. The capital costs, which include
installation of steam injection wells, temperature monitoring points, and vapor extraction
wells, as well as assembly of an above-ground water/vapor treatment train, are high
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because drilling is expensive in fractured rock. The O&M costs, which include
electricity for steam generation, monitoring, and above-ground water/vapor treatment, are
also relatively high (although possibly lower than those of the other thermal treatment
options).

Screening Decision. New thermal treatment schemes involve combinations of SEE with
TCH or ERH to optimize the use of the lower-energy method by applying SEE to areas of
higher permeability. SEE will be retained as a process option for consideration in
alternatives assembly, especially in the context of combining SEE with electrical heating.

4.4.42. Electrical Resistance Heating (ERH)

Implementability. ERH is currently widely applied at a variety of sites at both pilot and
full-scale. Several vendors offer ERH services and have the personnel and equipment to
address multiple sites concurrently. ERH electrodes are constructed using readily
available materials (e.g., galvanized steel pipe, sheet piling) and have been used to treat
contamination to depths of 100 feet bgs (ESTCP, 2010). Because the potential treatment
depths are fairly high at OU3 (i.e., over 60 feet bgs), up to four stacked electrodes may be
required. To accommodate the stacked electrodes, boreholes that are 10 to 12 inches in
diameter may be required. A site-specific evaluation would be needed to determine
acceptable electrode separation distances. Electrical utility locations, age, capacity, and
rate structures will need to be considered to determine if the existing electrical service has
sufficient capacity to provide power for a TCH system. Sufficient space needs to be
allotted for the above-ground vapor/water treatment components.

Effectiveness. Unlike SEE, ERH does not rely on fluid movement to deliver heat;
therefore, it is potentially applicable in a fractured rock setting. ERH uses heat generated
by the resistance of the rock material to the flow of electrical current to raise subsurface
temperatures up to the boiling point of water (100°C). ERH electrodes do not get any
hotter than the surrounding rock; the electrodes merely direct electrical current into the
targeted depth interval(s). ERH is limited by the electrical resistivity of the rock. Rock
with low porosity, and thus low water content, has higher electrical resistance. During
ERH, volatile compounds transition to the vapor phase and are captured by a vapor
recovery system. Because ERH is limited to temperatures of 100°C, it bas limited
effectiveness for higher boiling point compounds such as PCBs, pesticides, and SVOCs.
It is possible to extract fluids from ERH heating boreholes. This keeps fluids moving
inward towards the heated zone during operations and reduces risk of spreading
contaminants. One application of ERH in fractured bedrock (to a depth of 28 feet bgs)
was found during a literature search. Although the treatment was shallow, it was deemed
to be a successful application.

Costs. Capital costs include installation of boreholes for electrode placement,
temperature monitoring points, and vapor extraction wells, as well as assembly of an
above-ground water/vapor treatment train. These costs are relatively high compared to
capital costs of other process options. The O&M costs, which include electricity for heat
generation, monitoring, and above-ground water/vapor treatment are also relatively high.

i i U.S. Army Corps of Engineers
NN  Comel-Dubilier Electronics Superfund Site 4-20
Draft FS Report

YIRNIE




Section 4
Evaluation and Screening of Technologies and Process Options

Screening Decision. ERH could be applicable for treating high concentrations of
organic contaminants present in the vicinity of MW-14 at the former CDE facility. ERH
would mostly be applicable above the highly fractured zone at 65 feet bgs because the
high water flow in this zone serves as a heat sink. ERH is retained as a process option for
consideration in alternatives assembly.

4.4.4.3. Thermal Conduction Heating (TCH)

Implementability. TCH is currently widely applied at a variety of sites at both pilot and
full-scale. Several vendors offer TCH services, and have the personnel and equipment to
address multiple sites concurrently. TCH heater elements can be accommodated in
boreholes with three to four inch diameters. Electrical utility locations, age, capacity, and
rate structures will need to be considered to determine if the existing electrical service has
sufficient capacity to provide power for a TCH system. Sufficient space needs to be
allotted for the above-ground vapor/water treatment components.

Effectiveness. Similar to ERH, TCH does not rely on fluid movement to deliver heat.
Conductive heating relies on using electricity applied to heater borings to generate very
high temperatures (i.e., >500°C) at the heater well. The heat migrates away from the
heater borings by a combination of thermal conduction (driven by a temperature gradient)
and convection (migration of steam produced by boiling groundwater). The rock fractures
are major pathways for the generated vapor to escape and be captured by a vacuum
extraction system. In a typical fractured rock application, every heater is supphed with a
vapor recovery point, so the entire treatment zone is kept under a vacuum to minimize
transport of contaminants out of the treatment zone. Thermal conduction heating can
heat dewatered zones to temperatures far above the boiling temperature of water, which
makes it possible for thermal conduction heating to treat compounds like PCBs,
pesticides, and SVOCs. In instances where permeabilities are high (e.g., fractured zone
at 65 feet bgs at MW-14), it is not feasible to déwater the treatment area, and thus
attainable temperatures are limited to 100°C. TCH has been applied recently to treat
DNAPL in a fractured mudstone at a demonstration project site located at the former
NAWC, with promising initial results (TerraTherm, 2010).

Costs. Capital costs include installation of boreholes for heating element placement,
temperature monitoring points, and vapor extraction wells, as well as assembly of an
above-ground water/vapor treatment train. Drilling costs are likely to be lower for TCH
than for ERH because the heater elements can be accommodated in boreholes with three
to four inch diameters. These costs are relatively high compared to capital costs of other
process options. The O&M costs, which include electricity for heat generation,
monitoring, and above-ground water/vapor treatment, are also relatively high.

Screening Decision. TCH could be applicable for treating high concentrations of
organic contaminants present in the vicinity of MW-14 at the former CDE facility. TCH
would mostly be applicable above the highly fractured zone at 65 feet bgs, because the
high water flow in this zone serves as a heat sink. TCH is retained as a process option for
consideration in alternatives assembly.
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4.4.5. In Situ Bioremediation

4.4.51. Enhanced Reductive Dechlorination via Biostimulation

Implementability. Biostimulation accelerates microbial degradation of organic
contaminants in groundwater by providing nutrients and/or substrates (electron acceptors)
through a well system. There are numerous vendors providing various substrates. The
substrates. most commonly used to enhance anaerobic biodegradation of chlorinated
ethenes include lactate, molasses, Hydrogen Release Compound (HRC® - available in
several formulations), and vegetable oils (neat and emulsified). These substrates may be
classified as soluble substrates (e.g., lactate and molasses), viscous fluids (e.g., HRC®
and neat vegetable oils), low viscosity fluids (e.g., vegetable oil emulsions), and solid
substrates (e.g., mulch and compost) (AFCEE et al., 2004). Many of these substrates
have been applied at other sites in New Jersey, and thus have been approved for use by
the NJDEP. A potential hurdle to implementability is the ability to distribute the
substrate effectively throughout the fracture system. This could be accomplished by
using a packer assembly to inject the substrate at multiple depth intervals.

Effectiveness. Bench microcosm studies performed during the RI demonstrated that,
under optimal conditions for anaerobic biodegradation (i.e:, addition of carbon substrate
and nutrients), complete transformation of TCE to ethene occurred in groundwater
samples collected from MW-14D-01, MW-14S-04, MW-16-05, and MW-16-07 (BCI,
2010). The complete dechlorination of TCE to ethene indicates that dechlorinating
bacteria are naturally present at these locations. Also, it was hypothesized that, because
samples from MW-14S-01 and MW-14S-02 contained some ethene during baseline
analyses, there may be dechlorinating bacteria present in those zones also. The absence
of dechlorinating bacteria in some locations (e.g., as in the microcosms for MW-14S5-01,
MW-14S8-02, MW-16S-02, MW-16S-03, MW-16S-04, and MW-16S-07) create the
potential for incomplete degradation and the buildup of cDCE or vinyl chloride. Pilot
testing would need to be performed to measure site-specific effectiveness prior to full-
scale application.

Costs. Capital costs include installation of injection wells and monitoring wells.
Because costs of drilling injection wells in rock are fairly high, the overall capital costs
are moderate relative to costs for other process options. O&M costs include the price of
the substrate, labor for injection, and groundwater monitoring labor and expenses. O&M
costs are moderate relative to other process options.

Screening Decision. Based on the microcosm testing performed during the RI,
biostimulation is a viable technology for use at OU3, especially in the vicinity of MW-14
and MW-16, where populations of dechlorinating bacteria are present at certain depth
intervals. Therefore, biostimulation will be retained as a process option for consideration
in alternatives assembly.
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4.4.5.2. Enhanced Reductive Dechlorination via Bioaugmentation (with
biostimulation)

Implementability. Bioaugmentation involves the addition of non-native organisms
(typically bacteria) known to degrade the contaminants of interest. Bioaugmentation is
typically performed in conjunction with biostimulation. There are several vendors that
provide bacterial cultures that are known to completely biodegrade chlorinated ethenes.
Bacterial cultures that degrade other COCs (e.g., PCBs) could also potentially be
developed, although the time-frame for this work could be four to eight months. As with
biostimulation, the main obstacle to implementing this technology is achieving uniform
distribution of the bacterial cultures throughout the treatment zone. This could be
accomplished by using a packer assembly for bacteria distribution at multiple depth
intervals. Several commercial bacterial cultures have been applied at other sites in New
Jersey, and thus have been approved for use by the NJDEP.

Effectiveness. The effectiveness of bioaugmentation is dependent on how well the
applied bacterial cultures adapt and grow. This technology has been shown to be
effective at many other sites; however, experience in fractured bedrock DNAPL sites is
limited. A recent application of bioaugmentation in fractured rock was conducted at the
former NAWC. This application involved injection of the KB-1® bacterial culture that
contains DHE, which is known to degrade TCE to ethene, with an EVO carbon substrate.
The solution containing the bacteria and the oil was injected using a recirculation
approach, in which water was extracted from one well, used to make up the injection
stock, and then reinjected in a different well. This process was continued until the
vegetable oil was detected in the groundwater from the extracted well. In general, the
results at NAWC are promising, with concentrations of chlorinated ethenes reduced by
several orders of magnitude and attainment of groundwater quality standards at several
monitoring locations. Most of the existing commercial bacterial strains are designed to
treat chlorinated ethenes, and are not effective for treating PCBs, pesticides, and PAHs.

Costs. Capital costs include installation of injection wells and monitoring wells.
Because costs of drilling injection wells in rock are fairly high, the overall capital costs
are moderate relative to costs for other process options. O&M costs include the price of
the substrate, price of bacterial culture, labor for injection, and groundwater monitoring
labor and expenses. O&M costs are moderate relative to other process options.

Screening Decision. Based on the microcosm testing performed during the RI,
bioaugmentation in conjunction with biostimulation is a viable technology for use at
OU3, especially in the vicinity of locations whefe microcosm tests showed that
dechlorinating bacteria are not present, or present at insufficient populations to achieve
complete reductive dechlorination. Therefore, biostimulation will be retained as a
process option for consideration in alternatives assembly.
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4.4.6. In Situ Chemical Oxidation

4.4.6.1. Permanganate

Implementability. ISCO with permanganate is a proven technology that has been used
at many sites (including many sites in New Jersey) to remediate chlorinated ethenes. In
recent years, sodium permanganate has been applied more commonly than potassium
permanganate, because potassium permanganate is regulated under the Chemical Facility
Anti-Terrorism Standards (CFATS). ISCO involves installation of multiple injection
wells, and typically requires a series of injection events to reduce contaminant
concentrations to desired levels. There are no above-ground structures associated with
ISCO (other than temporary drums or tanks used to store the permanganate during the
injection events, which typically have a duration of days or weeks).

Effectiveness. The effectiveness of ISCO depends on the ability to distribute the
permanganate such that it physically contacts the chlorinated ethenes in order for the
oxidation reactions to occur. Effectiveness is limited by mass transfer limitation (i.e.,
matrix diffusion of contaminants into the rock matrix). However, permanganate has the
potential for density-driven diffusion into the rock matrix to treat contaminants that are
sorbed to the rock matrix. Rock oxidant demand would need to be measured prior to
design of an ISCO remedy. If the rock oxidant demand is too high, then ISCO could be
ineffective because much of the oxidant would be expended by unproductive reactions
with rock minerals, as opposed to reacting with the chlorinated ethenes. Permanganate is
not effective in treating PCBs, pesticides, or PAHs. One potential concern with the use
of permanganate for DNAPL treatment is that permanganate reactions at the DNAPL
interface could result in formation of a manganese dioxide “crust” around the DNAPL
particles. It is unknown if this crust is temporary or if it permanently encapsulates the
DNAPL. Permanganate has been applied in fractured rock with mixed success. Sites
where permanganate has not been successful are located in geologic formations that
impose a large rock oxidant demand, or where adequate delivery of permanganate was
not achieved. The rock oxidant demand for OU3 is expected to be relatively low because
the aquifer is fairly well oxidized at deeper depths (based on dissolved oxygen and ORP
data) and the fraction of organic carbon in the rock matrix is quite low (LBG and
Malcolm Pimie, 2011b).

Costs. Capital costs include installation of oxidant injection wells and monitoring wells.
Because costs of drilling injection wells in rock are fairly high, the overall capital costs
are moderate relative to costs for other process options. O&M costs include the price of
the oxidant, labor for injection, and groundwater monitoring labor and expenses. O&M
costs depend on the number of injection events required to achieve desired contaminant
concentration reductions. O&M costs are moderate relative to other process options.

Screening Decision. ISCO with permanganate could be applicable for treating high
concentrations of chlorinated ethenes present in the vicinity of MW-14 at the former
CDE facility. ISCO with permanganate is retained as a process option for consideration
in alternatives assembly.
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4.4.6.2. Activated Persulfate

Implementability. ISCO with activated persulfate is a proven technology that has been
used at many sites (including many sites in New Jersey) to remediate chlorinated ethenes
and other organic compounds. Sodium persulfate dissociates in water to form the
persulfate anion (S;Os™) which, although a strong oxidant, is kinetically slow in
oxidizing many organic contaminants. When catalyzed or ‘activated’ in the presence of
high pH (e.g., via addition of sedium hydroxide [NaOH]), heat (thermal catalyzation), a
ferrous salt, or hydrogen peroxide, the persulfate ion is converted to the sulfate free
radical (SO47). Operationally, heat activation is the most complex method to activate
persulfate; therefore, high pH and peroxide activation aré used most commonly. ISCO
with activated persulfate involves installation of multiple injection wells, and typically
requires a series of injection events to reduce contaminant concentrations to desired
levels. There are no above-ground structures associated with ISCO othet than temporary
drums or tanks used to store the persulfate and chemical activators during the injection
events, which typically have a duration of days or weeks.

Effectiveness. The effectiveness of ISCO depends on the ability to distribute the
activated persulfate such that it physically contacts the organic contaminants in order for
the oxidation reactions to occur. The persulfate anion and the sulfate free radical are
fairly stable in the subsurface and can persist for weeks depending on subsurface
conditions. The solubility of sodium persulfate at 25°C is 42 weight percent (wt%), and
the density of a 40 wt% solution is 1.340 g/mL. These characteristics make persulfate an
attractive oxidant for DNAPL treatment because it persists in the subsurface, can be
injected at high concentrations, and will undergo density-driven and diffusive transport
into low-permeability media. Persulfate may treat PCBs and pesticides if activated using
heat or high pH. As with permanganate, the rock oxidant demand for persulfate would
need to be measured to ensure that it is not too high. The rock oxidant demand for OU3
is expected to be relatively low because the aquifer is fairly well oxidized at deeper
depths (based on dissolved oxygen and ORP data) and the fraction of organic carbon in
the rock matrix is quite low (LBG and Malcolm Pirnie, 2011b). There are very few case
studies of persulfate application in fractured bedrock. Anticipated performance would
need to be extrapolated from case studies of activated persulfate in porous media, and/or
case studies of other oxidants in fractured rock.

Costs. Capital costs include installation of oxidant injection wells and ‘monitoring wells.
Because costs of drilling injection wells in rock are fairly high, the overall capital costs
are moderate relative to costs for other process options. O&M costs include the price of
the oxidant and activator, labor for injection, and groundwater monitoring labor and
expenses. O&M costs depend on the number of injection events required to achieve
desired contaminant concentration reductions. O&M costs are moderate relative to other
process options.

Screening Decision. ISCO with activated persulfate could be applicable for treating high
concentrations of organic COCs present in the vicinity of MW-14 at the former CDE
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facility. ISCO with activated persulfate is retained as a process option for consideration
in alternatives assembly.

4.4.7. Containment using Hydraulic Control

The only process option that was retained from the initial technical feasibility screening
for containment GRAs was hydraulic control using extraction wells.

Implementability. Groundwater hydraulic control using extraction wells has been used
at many sites, including fractured rock settings. The water that is extracted typically
requires treatment and subsequent disposal. Process options for ex situ groundwater
treatment and discharge are discussed below. It is likely that groundwater extraction
would be conducted for a long period of time because back diffusion of contaminants
from the rock matrix at OU3 serves as a long-term source of contamination to the rock
fractures. Permanent infrastructure may be required to treat the water that is extracted,
and long-term operation of the treatment system would be needed. The treatment
components are readily available.

Effectiveness. The effectiveness of hydraulic control depends on optimally placing the
extraction wells and selecting groundwater extraction rates such that the hydraulic
gradient is sufficiently depressed to prevent groundwater carrying contaminants from
migrating to potential receptors. Extraction well placement and optimal extraction rates
are often selected using a groundwater flow model.

Costs. Capital costs include drilling the extraction wells and installing pumps. Capital
costs also include construction of the required ex sifu treatment components. Typically
capital costs are moderate to high, depending on the number of extraction wells required
and the complexity of the treatment system. O&M costs, which depend on the
complexity of the treatment train and the cost of discharge, are also typically moderate to
high.

Screening Decision. Hydraulic containment using extraction wells could be applicable
in the vicinity of MW-14 to prevent further migration of contaminants mass from the
former CDE facility. It could also be applicable at the distal portion of the chlorinated
ethene plume to maintain a TI boundary. Therefore, hydraulic containment with
extraction wells will be retained as a process option for consideration in alternatives
assembly.

4.4.8. Ex Situ Treatment

Table 4-2 summarizes the implementability, effectiveness, and relative costs of the
presumptive ex situ treatment process options. USEPA’s Presumptive Response Strategy
and Ex-Situ Treatment Technologies for Contaminated Ground Water at CERCLA Sites
(1996) serves as the FS technology screening step (USEPA, 1996) for the ex situ
treatment component of a remedy. The reader is referred to Appendix C, which contains
an excerpted appendix from the presumptive response guidance document with
descriptions, advantages, and disadvantages of these technologies.
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4.4.9. Groundwater Disposal

Three process options for discharge of treated groundwater were retained following the
preliminary technical feasibility screening step. These are further evaluated below.

4.49.1. Discharge to Surface Water

Implementability. Under the New Jersey Pollution Discharge Elimination System
(NJPDES), treated water may potentially be discharged directly to a nearby surface water
body (i.e., Bound Brook, in the case of OU3). The discharge standards are typically more
stringent than drinking water standards, especially for metals, which may pose ecological
risks even at low concentrations. Removal of naturally occurring constituents in
groundwater (e.g., arsenic) may be required to discharge the water to Bound Brook. This
option may not be administratively implementable because Bound Brook contains
contaminated sediment and has been designated as OU4. Discharge to Bound Brook
could therefore interfere with the ongoing OU4 investigation and any potential future
remediation.

Effectiveness. This is an effective and reliable means of discharging groundwater.

Costs. The costs for discharge to surface water are low to moderate depending on the
degree of treatment required to meet the NJPDES requirements. Treatment for organic
contaminants as well as removal of several metals would be required (see Appendix E for
likely effluent requirements); therefore, costs would be closer to the moderate range.

Screening Decision. Discharge to Bound Brook is retained as a process option for
consideration in alternatives assembly.

4.4.9.2. Discharge to POTW

Implementability. Treated groundwater can be discharged via a sewer system to a
POTW. A temporary discharge permit was issued by the MCUA for water discharged as
part of OU2 remediation activities. A new permit would be required for OU3, and the
quantities of water to be discharged are anticipated to be much higher (approximately 30
to 50 gpm). Water that is discharged would have to meet the criteria specified in the
TDA (see Appendix D). Because a POTW provides additional water treatment, it accepts
water with higher concentrations of organic and inorganic compounds than would apply
at other discharge locations. ' "

Effectiveness. Groundwater discharge to a POTW is an effective and reliable means of
discharging wastewater.

Costs. The costs depend on the discharge fees charged by MCUA. Currently, MCUA is
requiring a fee of $12,584.42 per million gallons of discharged water (MCUA, 2010). In
addition, the Borough of South Plainfield currently charges $3725 per million gallons of
discharged water for sewer use fees. The Borough also charges a sewer connection fee,
which is determined based on the anticipated annual average daily flow (Borough of
South Plainfield, 2011).
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Screening Decision. Treated groundwater discharge to MCUA is retained as a process
option for consideration in alternatives assembly.

4.49.3. Deep Well Injection

Implementability. Extensive site assessments must be completed to determine the
suitability of a site for deep well injection, and to obtain approval from regulatory
authorities. At OU3, deep well injection would need to comply with New Jersey’s
Underground Injection Control regulations. The quality of the discharged water plays a
large role in determining whether or not return of treated water to the subsurface i1s an
appropriate discharge option. Microbial activity and/or precipitation of iron, manganese,
calcium, or other metals can clog (or foul) injection wells. Fouling of injection wells
occurs more frequently than clogging of extraction wells because the treated water may
have higher dissolved oxygen concentrations from aeration during treatment, and this
dissolved oxygen can foster microbial activity and/or metals precipitation. Given the
high iron, manganese, and calcium naturally present in OU3 groundwater, there is a good
potential for well fouling. Chemical treatment or well redevelopment can mitigate well
fouling, but these techniques become expensive if they need to be conducted frequently.
Although ex situ treatment could be designed to remove metals or other constituents that
add to fouling, this enhanced treatment might be more expensive to construct and operate
than using a different disposal option.

Effectiveness. The effectiveness of deep well injection depends on finding transmissive
zones in the deep portion of the bedrock beneath OU3 to accept the fluid flow. It also
depends on the degree of well fouling that is expected (see discussion above).

Costs. Moderate to high capital costs including initial site assessment and injection well
installation. Low to moderate O&M costs, depending on the degree of injection well
fouling.

Screening Decision. This process option is not retained because it is difficult to
implement administratively, and because of the significant potential for well fouling
given the high concentrations of calcium, magnesium, and iron in OU3 groundwater.

4.5. Summary of Retained Process Options

Based on the effectiveness, implementability, and cost screening described above, the
following remedial process options have been retained for consideration in alternatives
assembly:

M No Action

m Institutional Controls
- Groundwater Use Restrictions
M Monitored Natural Attenuation
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B [n Situ Treatment
- Thermal treatment via SEE, ERH, or TCH
- Bioremediation via biostimulation and/or bioaugmentation
- Chemical oxidation via permanganate or activated persulfate
B Containment
- Hydraulic control using extraction wells
B Ex Situ Treatment
- Presumptive technologies (USEPA, 1996)
B Discharge Options
- Treated water discharge to Bound Brook or to MCUA (POTW)
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5. Assembly of Remedial Alternatives

In this section, the remedial technologies and process options retained in Section 4 are
used to assemble remedial alternatives for achieving the RAOs for groundwater at OU3.
The alternatives developed and screened in this FS are conceptual. All characteristics of
these alternatives should be considered to be approximate for the purposes of a feasibility
comparison only. Specific details would be finalized during a remedial design.

5.1. Rationale for Assembly of Alternatives

Development of remedial alternatives must conform to the requirements identified in
CERCLA, as amended, and to the extent possible, the NCP. CERCLA Section 121(d)
requires that Superfund remedial actions attain ARARs unless specific waivers are
granted, and the remedial actions must also be protective of human health and the
environment. CERCLA Section 121(b) and the NCP identify the following statutory
preferences when developing and evaluating remedial alternatives:

W Remedial actions involving treatment which permanently and significantly reduces
the volume, toxicity, or mobility of contaminants are preferred over remedial actions
not involving such treatment.

W Off-site transport and disposal of hazardous substances or contaminated materials
without treatment is considered to be the least favored remedial action alternative
when practical treatment technologies are available.

M Remedial actions using permanent solutions, alternative treatment technologies or
resource recovery technologies shall be assessed.

B Use engineering controls (i.e., containment) for wastes that pose a relatively low
long-term threat or where treatment is impracticable.
W Use a combination of methods where appropriate.

B Use institutional controls, as appropriate, for short- and long-term managerent to
prevent or limit exposure.

The following assumptions have been made in developing the remedial alternatives for

ous3: '

B It is assumed that a waiver of ARARs will be granted within the TI Zone presented on
Figure 3-1.

W It is assumed that there are no on-going contaminant releases from overburden soil

preparation of this FS and are expected to be completed during in late 2011.
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W It is assumed that all of the remedial alternatives have a time frame of 30 years, in
accordance with CERCLA guidance for costing procedures. The actual duration of
the proposed remedies would be based on monitoring results. However, field results,
combined with numerical modeling, indicate that the time for these types of
contaminated bedrock groundwater sites to become ‘clean’ is many decades to
centuries or longer, due to long time scales for back diffusion, and several orders of
magnitude differences between initial concentrations (solubility) and typical PRGs
(i.e., MCLs). The 30 year technical analyses and cost evaluations are also presented
in the FS for consistency between alternatives.

M Remedial alternatives are assembled primarily based on their ability to mitigate the
chlorinated ethenes in the bedrock groundwater.

M Based on the resuits of the BHHRA (LBG and Malcolm Pirnie 2011a), there is a
potential for adverse cancer and non-cancer health effects from exposure to
groundwater.

B It is assumed that site conditions that will be in place following the conclusion of on-
going remedial activities within the former CDE facility in late 2011 will remain the
same during the implementation of the remedial alternatives

W The potential for groundwater constituents to migrate to surface water and sediments
in Bound Brook is being evaluated as part of OU4. Remedial alternatives to address
groundwater discharge to Bound Brook, if needed, will be evaluated in the OU4 FS.

5.2. Development of Alternatives

Based on the rationale presented above, and the technology and process options that have
been retained after screening, the following six alternatives are proposed for the
groundwater at OU3:

B Alternative 1; No Action

M Alternative 2: Monitored Natural Attenuation (MNA) with Institutional Controls
(ICs)

B Alternative 3: Source Area Hydraulic Control at the former CDE facility using
Groundwater Extraction Wells (includes MNA and ICs)

M Alternative 4: Source Area Thermal Treatment (includes MNA and ICs) at the former
CDE facility

W Alternative 5: Source Area In Situ Chemical Oxidation (includes MNA and ICs) at
the former CDE facility

B Alternative 6: Source Area In Situ Bioremediation (includes MNA and ICs) at the
former CDE facility

Each alternative is intended to represent a conceptual approach to remedial action rather
than a specific design. The “source area” differs somewhat for each alternative, and is ’
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defined in the description for each alternative provided below. The alternatives were
evaluated using MODFLOW, a three-dimensional (3D) finite difference flow model, and
FRACTRAN, a numerical two-dimensional (2D) DFN model. The model results that
support the alternative descriptions are presented in this section.

5.3. Alternative 1 — No Action

Alternative 1 was developed from the NCP provision that requires consideration of a
limited or no action response to serve as a baseline for evaluating other remedial
alternatives.

The No Action response does not include any containment, removal, disposal, or
treatment of contaminated groundwater. In accordance with OSWER Directive 9283.1-
33 (June, 2009), it also does not include new or existing institutional controls. Existing
monitoring wells would remain in place. Any improvement of groundwater quality
would be through natural attenuation including biodegradation, adsorption or diffusion
into the rock matrix, dispersion, and dilution.

Because hazardous contaminants remain at the Site under this alternative, five-year
remedy reviews are required under CERCLA Section 121(c). Therefore, groundwater
monitoring is required under this alternative to provide data to prepare the five-year
remedy reviews. It is assumed that no new wells will be installed, and that annual
monitoring would be performed at one up-gradient monitoring location (ERT-1), two
locations on the former CDE facility (MW-14S/D and MW-16), and two down-gradient
monitoring locations (MW-20 and MW-23).

Much of the chlorinated ethene contaminant mass present at OU3 was released to the
subsurface decades ago (CDE was operational from 1936 to 1962). Over time,
contaminant mass was transferred from the bedrock fractures to the rock matrix via
matrix diffusion. As a result, much of the contaminant mass at OU3 currently resides in
the rock matrix, as demonstrated by results of rock pore water analyses performed during
the RI (see Section 2). Parker et al. (2010) performed a study of eight sites similar to
CDE OU3, where DNAPL has been present for decades in fractured sedimentary rock.
The field results, combined with numerical modeling, indicate that the time for these
types of sites to become ‘clean’ is many decades to centuries or longer, due to long time
scales for back diffusion, and several orders of magnitude differences between initial
concentrations (solubility) and typical PRGs (i.e., MCLs).

5.4, Alternative 2 — Monitored Natural Attenuation with
Institutional Controls

Alternative 2 has been developed to limit receptor exposure to contaminated
groundwater, while demonstrating reduction of contaminant concentrations by natural
processes. Alternative 2 relies on natural mechanisms including dispersion, diffusion,
dilution, adsorption, and biodegradation to reduce concentrations of contaminants in
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groundwater. Comprehensive monitoring is a required component to evaluate and verify
the progress of MNA, as is a contingency plan that defines the appropriate response
actions(s) should MNA not perform as expected. Institutional controls would be
implemented to prevent or reduce exposure to hazardous substances. A groundwater
CEA would be established in accordance with New Jersey regulations.

Alternative 2 differs from Alternative 1 in that groundwater monitoring is much more
comprehensive than for Alternative 1, and is conducted to verify and track the progress of
MNA, while comparing it to predicted restoration rates. Monitoring results would be
evaluated and reported in annual monitoring reports. OSWER Directive 9200.4-17P
(USEPA, 1999) requires that “MNA will be an appropriate remediation method only
where its use will be protective of human health and the environment and it will be
capable of achieving site-specific remediation objectives within a time frame that is
reasonable compared to other alternatives”. As discussed above for Alternative 1, based
on experience at other sites where DNAPL was released to fractured sedimentary rock,
and where much of the contaminant mass now resides in the rock matrix, remediation
time frames are on the order of decades or longer.

For this alternative, it is assumed that the existing monitoring wells used for the RI (s¢e
Table 2-1) as well as four new monitoring wells with fLUTE multi-level systems will be
used as the MNA network. The four additional monitoring wells would be installed at
the edges of the TI zone to monitor contaminant concentrations at the distal portions of
the plume. The duration of the MNA program is assumed to be 30 years. Initially, the
wells would be sampled quarterly for the first two years, to capture seasonal changes in
COC concentrations (samples would be analyzed for VOCs and MNA parameters
quarterly, and for PCBs, SVOCs, metals, and pesticides semi-annually). Also, NJDEP
recommends quarterly sampling for the first two years of an MNA program. After two
years of quarterly monitoring, the data would be reviewed to determine whether sampling
frequency should be reduced or eliminated for specific wells. It is assumed that for years
3 to 5, sampling would be performed on a semi-annual basis, for years 6 to 15 sampling
would be performed annually, and for years 16 to 30, sampling would be performed once
every two years.

Any well in the MNA network that becomes damaged, or is required to be removed due
to remedial action or other activities, would be replaced or repaired, as needed. Because
hazardous contaminants remain at the Site under this alternative, five-year remedy
reviews are required under CERCLA Section 121(c).

5.5. Alternatives 3 — Source Area Hydraulic Control with MNA
and ICs

This alternative involves controlling the discharge of contaminated groundwater from the
source area (defined as the former CDE facility boundary for this alternative), thereby
reducing contaminant mass flux from the former CDE facility to down gradient
areas/receptors. Alternative 3 also includes MNA and ICs, as discussed in Alternative 2.
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Hydraulic control of groundwater would be accomplished by extracting contaminated
groundwater at a rate of approximately 40 gpm via two vertical extraction wells, each
approximately 130 feet deep, and located at either end of the former CDE facility (i.e., 20
gpm extraction rate at each well). The groundwater extraction well depths and total flow
rate were selected based on preliminary results of a MODFLOW groundwatei extraction
simulation. This alternative assumes that an on-Site groundwater treatment system would
be needed to treat the extracted groundwater. Two discharge options are evaluated for
treated groundwater: discharge to MCUA (Alternative 3a) and discharge to Bound Brook
(Alternative 3b). Although the final technology selection for an ex situ groundwater
treatment system will be deferred to the remedial design (RD) phase, representative
process options have been selected to assemble a likely treatment train for cost estimating
purposes in the FS. The groundwater treatment system is assumed to include the
following processes:

B Removal of DNAPL (i.e., oil-water separation)

M Acidification (to control scaling due to high calcitim and magnesium concentrations
in the groundwater at OU3)

Sediment Filtration

Chemical / Ultraviolet (UV) oxidation to treat organics (chlorinated ethenes and
ethanes, benzene compounds, PCBs, pesticides, and dioxins/furans)

Catalytic Filter (required for metals removal for Alternative 3b only)
Effluent polishing (liquid-phase granular activated carbon)
Neutralization

B Discharge to MCUA or to Bound Brook

Hydraulic control through groundwater extraction removes only the contaminant mass
that is present in the bedrock fractures within the area of hydraulic influence. The time
frame for back diffusion of the contaminant mass (primarily TCE and cis-1,2- -DCE)
residing in the rock matrix back to the fractures is on the order of decades or longer.
Therefore, it is expected that groundwater extraction (and treatment) to maintain
hydraulic control/capture at the former CDE facility may be required for decades or
longer, assuming that it would continue while concentrations of contaminants exceed
PRGs. However, as discussed in Section 5.1, the cost evaluation of this alternative
assumes a duration of 30 years. It is assumed that the MNA program, as discussed in
Alternative 2, will be sufficient to monitor the performance of the hydraulic control
remedy as well as the progress of MNA.

Pilot testing may be required to refine the design of the full-scale treatment system and to
ensure that MCUA’s effluent discharge limits (Alternative 3a) or NIDEP’s effluent
concentrations for FW-2 streams (Alternative 3b) are met (see Appendices D and E).
Because the system would need to be operated for many years, the RD would need to
consider O&M requirements for the various treatment system components, and to
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optimize the design based on minimizing O&M. The building housing all of the
treatment components, as well as the piping connecting the various components of the
system, would need to be designed to operate for an extended period of time (likely
decades). Contaminant concentrations may fluctuate widely over time. Therefore, the
RD for this system would need to be flexible enough to allow for use of different
technologies, as appropriate, over time (for instance, if concentrations of chlorinated
ethene and PCBs decreased markedly, then it may be more cost effective to use granular
activated carbon for organics treatment rather than chemical/UV oxidation).

5.6. Alternative 4 — Source Area Thermal Treatment with MNA
and ICs

The conceptual design for Alternative 4 involves thermal treatment using two thermal
treatment process options: TCH (also known as ISTD) and SEE. The goal is to remove
contaminant mass from the source area located at the former CDE facility to reduce
contaminant mass flux from the former CDE facility. Alternative 4 includes
implementation of institutional controls as well as detailed monitoring for natural
attenuation, as discussed for Alternative 2.

For this alternative, the source area is defined as a circular area centered on monitoring
well MW-14S, with a radius of 120 feet (see Figure 5-2). The 120-foot radius was
selected because it is approximately one-half of the distance between MW-14S and MW-
128, which is the closest downgradient monitoring point from MW-14S where no
DNAPL is expected to be present based on groundwater sample analyses performed
during the RI. The target treatment depth is 15 feet to 65 feet bgs. The shallow limit of
the treatment depth is 15 feet bgs because this is the average depth to the water table.
The deep limit of the treatment depth was selected based on the rock coring VOC resuilts,
groundwater analytical data, and fracture mapping at MW-14S and MW-14D. These data
indicate that a major fracture zone exists at approximately 65 feet bgs. This fracture zone
is a major contaminant mass transport network and the amount of contaminant mass
entrained in the rock and also in the fractufes below this zone drops off significantly
compared to the amount of contaminant mass present above the fracture zone.

TCH was selected for use as a process option because this technology has been used at
two fractured rock sites containing DNAPL, including a site in New Jersey in a silt and
mudstone geology. The TCH heater elements can be accommodated in three- to four-
inch diaineter boreholes while, due to the depth of treatment, ERH electrodes would need
to be stacked in 10- to 12-inch diameter boreholes, resulting in much higher drilling and
waste disposal costs. TCH relies on using electricity applied to heater borings to generate
very high temperatures (i.e., >500°C) at the heater well. The heat migrates away from
the heater borings by a combination of thermal conduction (driven by a temperature
gradient) and convection (migration of steam produced by boiling groundwater). The
rock fractures are major pathways for the generated vapor to escape and be captured by a
vacuum extraction system. In a typical fractured rock application, every heater is
supplied with a vapor recovery point, so the entire treatment zone is kept under a vacuum

MCOLN > U.8. Army Corps of Engineers
A \"\1‘("('”:" 1 Comell-Dubilier Electronics Superfund Site 5-6
Draft FS Report .

IRNIF




Section 5
Assembly of Remedial Alternatives

to minimize transport of contaminants out of the treatment zone. The conceptual design
for thermal treatment at OU3 involves the use of TCH to heat the bedrock at a depth of
15 to 50 feet bgs (Zone 1). The zone from 50 — 65 feet bgs (Zone 2) would be treated
using SEE. The use of steam at the bottom of the thermal treatment area would create a
“hot floor” to provide a barrier to vertical migration of contaminants. Also, SEE is better
suited to zones of high groundwater flow (i.e., the transmissive fractures that occur at
about 65 feet bgs in the vicinity of MW-14) than TCH. The target temperature for the
aquifer is 100°C. At this temperature, dissolved phase and non-aqueous phase
chlorinated ethenes would be vaporized and removed via soil vapor extraction (SVE)
points and multiphase extraction (MPE) wells. Although a portion of the PCBs,
pesticides, and SVOCs would likely also be removed, higher temperatures would be
needed to obtain reliable removal for these compounds. These high temperatures are
only attainable if the aquifer is dewatered, which is not feasible given the highly
transmissive weathered rock zone at 65 feet bgs. The fate of dissolved and adsorbed
contaminant mass located within the rock matrix is uncertain. However, it is assumed
that at least a portion of the contaminant mass within the rock matrix would be volatilized
and would back diffuse and be captured by the thermal treatment system. Additional
rock core testing could be performed to gauge the effectiveness of the thermal treatment
in removing mass from the rock matrix. :

The conceptual thermal treatment design provided by TerraTherm, Inc. (included in
Appendix F) includes the following major components:

W Installation of 279 heater wells, 82 vertical SVE wells and 82 MPE wells to treat
Zone 1. The heater wells would be installed at a 15-foot spacing.

B Installation of 85 steam injection wells and 28 MPE wells in Zone 2. The steam wells
would be installed at a 30-foot spacing.

B Installation of 51 temperature monitoring points over the vertical treatinent area.
W Installation of 13 pressure monitoring points in the 0 to 15 feet bgs unsaturated zone.

B If needed, a vapor cap would be installed to extend slightly beyond the boundaries of
the treatment area.

B Thermal oxidation is assumed for use as an above-ground vapor treatment
technology, and liquid GAC is included for the liquid treatment (see Appendix F for
schematics of the proposed effluent treatment system).

The total operating time for thermal remediation is estimated to be 145 days, or just under
five months. Including time required to drill the various wells and heating points, and
time to demobilize, the duration of thermal treatment would be approximately seven to
eight months. After the completion of thermal treatment, detailed MNA monitoring
would be performed as described in Alternative 2.
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5.7. Alternative 5 - Source Area In Situ Chemical Oxidation with
MNA and ICs

The conceptual design for Alternative 5 involves ISCO at the former CDE facility with
high pH-activated sodium persulfate. The goal is to remove contaminant mass from the
source area located at the former CDE facility to reduce contaminant mass flux from the
former CDE facility. Alternative 5 includes implementation of institutional controls as
well as detailed monitoring for natural attenuation, as discussed for Alternative 2.

ISCO with permanganate and ISCO with sodium persulfate were both retained as process
options following the technology screening described in Section 4. Sodium persulfate
has been selected as the representative process option for the CDE OU3 FS for the
following reasons:

s Persulfate’s ability to degrade a broad range of contaminant types (including
PCBs, pesticides, and SVOCs)

* Permanganate may form a manganese dioxide surface ‘crust’ as it reacts with
DNAPL,; this crust may then inhibit further chemical oxidation treatment. Also,
permanganate is ineffective for treating PCBs, pesticides, chlorinated ethanes, and
PAHs.

High pH activation of persulfate has been selected as the process option for this
alternative. This is the technique typically recommended by FMC, the manufacturer of
sodium persulfate in the United States. Also, high pH activated persulfate has the ability
to treat a wider range of contaminant types (particularly PCBs) than hydrogen peroxide-
activated persulfate, and is operationally less complex than heat activated persulfate.
Persulfate is hydrophilic and thus will not significantly partition into oil-like phases. As
a result, oxidation will take place at the surface of NAPL only or in the dissolved phase
remote from the NAPL surface, resulting in a slow rate of NAPL destruction. Alkalinity
is known to provide detergency through solubilization of oils and saponification of fatty
acid type compounds. As a result, addition of high pH modifiers, such as NaOH, aid in
the dissolution of NAPLs and enhance contact with the oxidant.

For Alternative 5, the source area is defined in the same manner as for Alternative 4 (i.e.,
as a circular area centered on monitoring well MW-14S with a radius of 120 feet, as
shown on Figure 5-2). The target treatment depth is 20 feet to 65 feet bgs, with two
depth intervals to be targeted for ISCO injections: 20-40 feet bgs, and 45-65 feet bgs. It
is assumed that the well spacing for persulfate injection points will be 40 feet (i.e., 20
foot injection radius of influence; see Figure 5-3). This is a fairly large spacing;
however, the rock is fairly weathered in the interval from 20-65 feet bgs, and thefefore a
high radius of influence would be expected (a pilot study is included as part of this
alternative to refine the injection radius of influence). The well spacing could potentially
be increased up to 80 or 100 feet for a continuous recirculation system in which oxidant
solution is injected up-gradient of the target zone and then extracted down-gradient of the
target zone, re-amended with additional oxidant/activator, and reinjected. The
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recirculation approach requires more complicated and costly above-ground infrastricture,
and oxidant recirculation systems at other sites have experienced problems involving
fouling of injection wells. For purposes of the FS, batch oxidant injections will be
assumed; however, recirculation wells could be considered if ISCO were to be
implemented at the Site. Alternative 5 includes detailed monitoring within the treatrnent
area to evaluate ISCO effectiveness.

The design injection concentration of persulfate is assumed to be 25 weight percent
(wt%). This is a fairly high concentration, but was selected due to the large oxidant
demand imposed by TCE DNAPL and high PCB concentrations at MW-14, the fact that
persulfate solution density increases with concentration (high density is desirable when
treating DNAPLs), and that the fracture pore volume is quite small, limiting the amount
of fluid that can be injected in the treatment area. For alkaline activation of persulfate,
the pH of the aquifer will need to be maintained between 10.5 and 12. The NaOH
demand arises from two sources: (1) soil and groundwater acidity; and (2) the generation
of acid formed during the decomposition of persulfate. In order to neutralize the
persulfate-generated acid, 2 moles of NaOH must be added per mole of persulfate. This
equates to 0.33 pound (Ib) of NaOH required per Ib of persulfate. A soil (or, for OU3, a
powdered rock) titration is typically required to determine the amount of NaOH needed
to raise the pH of site soil and groundwater to between 10.5 and 12. These data are not
available for OU3; therefore, it was assumed that an additional 20% of NaOH is required
beyond the amount needed to neutralize the persulfate-generated acid. It is recommended
that the NaOH solution be applied either immediately prior to or after the application of
persulfate (i.e.; not batched in one tank for simultaneous injection). This is because at the
dosage of persulfate proposed in this conceptual design, severe exothermic reactions may
occur when these reagents are mixed together, which could result in steam eruptions, loss
of product containment, and damage to equipment. These exothermic reactions are
beneficial in the subsurface, as they will serve to create heat, which leads to formation of
persulfate radicals. Also, mixing the NaOH and persulfate together prior to injection
results in faster decomposition of the persulfate before it is applied in the subsurface.

For purposes of the cost estimate, it was assumed that for each injection event, 0.5 pore
volumes would be displaced with persulfate (the NaOH volume was not included in the
pore volume estimate). In practice, the number of injection events would be dependent
on performance results, which are a function of the ability of the oxidant to contact the
contaminants. It is assumed that persulfate injections would be performed quarterly for a
period of five years. This will result in a total of 10 pore volumes of oxidant injection
over the ISCO treatment program. It is expected that the ISCO applications will treat
most of the contaminant mass present in the rock fractures, but only a portion of
contaminant mass present in the rock matrix. Therefore, after the completion of ISCO
treatment, detailed MNA monitoring would be performed as described in Alternative 2.
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5.8. Alternative 6 — Souri:e Area In Situ Bioremediation with
MNA and ICs

The conceptual design for Alternative 6 involves in sifu bioremediation via enhanced
anaerobic biodegradation at the former CDE facility. Bench microcosm studies
performed during the RI demonstrated that, under optimal conditions for anaerobic
biodegradation (i.e., addition of carbon substrate and nutrients), complete transformation
of TCE to ethene occurred in groundwater samples collected from MW-14D-01, MW-
14S-04, MW-16-05, and MW-16-07 (BCI, 2010). The complete dechlorination of TCE
to ethene indicates that dechlorinating bacteria are naturally present at these locations.
Also, it was hypothesized that, because samples from MW-145-01 and MW-145-02
contained some ethene during baseline analyses, there may be dechlorinating bacteria
present in those zones also.

The conditions required for anaerobic biodegradation of chlorinated ethenes may be
created in the field by adding carbon substrates that are fermented by a wide vanety of
organisms, producing hydrogen gas. The hydrogen gas may then be used by
dechlorinating bacteria as an electron donor in the reductive dechlofination of chlorinated
ethenes. There are many organic substrates that can be naturally degraded and fermented
in the subsurface to produce hydrogen. The substrates most commonly used to enhance
anaerobic biodegradation of chlorinated ethenes include lactate, molasses, Hydrogen
Release Compound (HRCP® - available in several formulations), and vegetable oils (neat
and emulsified). These substrates may be classified as soluble substrates (e.g., lactate
and molasses), viscous fluids (e.g., HRC® and neat vegetable oils), low viscosity fluids
(e.g., vegetable oil emulsions), and solid substrates (e.g., mulch and compost) (AFCEE et
al.,, 2004). The type of substrate most suited for use at OU3 depends on the selected
method of substrate application. For batch substrate applications, slow-release viscous
fluid substrates, designed to be long-lasting and relatively immobile in the subsurface, are
most suitable to minimize advective loss of the substrate. For a continuous recirculation
application (i.e., substrate is injected up-gradient of the target zone, groundwater is then
extracted down-gradient of the target zone, re-amended with additional substrate, and
reinjected), a soluble substrate that travels with advective flow offers the greatest
potential for uniform distribution.

For purposes of the FS, batch substrate injections will be assumed. The recirculation
approach requires more complicated and costly above-ground infrastructure, and
operational difficulties due to biofouling are common. The selected carbon substrate for
the FS evaluation is EVO, a viscous material composed primarily of soybean oil (some
formulations include lacate also) capable of releasing lactic acid for periods exceeding
three years. For Alternative 6, the source area is defined in the same manner as for
Alternatives 4 and 5 (i.e., as a circular area centered on monitoring well MW-14S with a
radius of 120 feet, as shown on Figure 5-2). As for Alternatives 4 and 5, the target
treatment depth is 15 feet to 65 feet bgs. It is assumed that the well spacing for EVO
injection points will be 35 feet (i.e., 17.5 foot injection radius of influence). This well
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spacing is slightly closer than the spacing assumed for the ISCO remedy because of the
higher viscosity of EVO. Although the bench microcosm studies indicated the presence
of dechlorinating bacteria, bioaugmentation (i.e., injection of a non-native or enriched
microbial culture known to degrade targeted compounds) is recommended as
geochemical data indicates that sufficient quantities of anaerobic dechlorinating bacteria
may not currently be present in all areas of the treatment zone.

The remediation time frame is determined by the longevity of the EVO in the subsurface
and the time required to treat the groundwater. Although EVO is able to release lactate
for up to several years, it is subject to advective fracture flow dynamics, which may
transport it away from the treatment area. Therefore, it is assumed that EVO injections
will be performed annually for ten years. The EVO applications will treat most of the
contaminant mass present in the rock fractures but only a fraction of contaminant mass
present in the rock matrix (through back-diffusion to the fractures). Therefore, after the
completion of bioremediation treatment, detailed MNA monitoring would be performed
for a timeframe similar to that described in Alternative 2 (i.e., on the order of decades or
centuries).
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6. Detailed Evaluation of Remedial Altprnatives

The objective of the detailed analysis of alternatives is to provide adequate information
for each alternative to facilitate the selection of remedial actions for implementation at
the Site. In this section, each of the alternatives developed in Section 5 are assessed
under the evaluation criteria specified in the NCP. The detailed analysis consists of the
following components:

B A detailed evaluation of each remedial alternative in relation to the two “threshold”
criteria and five “balancing” criteria listed in the NCP. The two “modifying” criteria
(i.e., state acceptance and community acceptance of the remedial alternatives) are
evaluated after the FS has been completed, in USEPA’s Responsiveness Summary to
the Proposed Plan.

B A comparative analysis to evaluate the relative performance of each alternative in
relation to each other and the evaluation criteria.

6.1. Evaluation Criteria

Provisions of the NCP require that each alternative be evaluated under nine criteria listed
in 40 CFR 300.430(e)(9). The nine evaluation criteria are described below.

6.1.1. Threshold Criteria

To be eligible for selection, an alternative must meet the two threshold criteria described
below, or in the case of ARARs, must justify why a waiver is appropriate.

Overall Protection of Human Health and the Environment. Evaluation of the overall
protectiveness of an alternative focuses on whether the alternative provides adequate
protection and describes how risks associated with the potential site-specific exposure
pathways are mitigated through treatment, engineering, and /or institutional controls.
Overall protection of human health and the environment draws on the assessments of
other evaluation criteria, especially long-term effectiveness and perianence, shon-term
effectiveness, and compliance with ARARs.

Compliance with ARARs. This evaluation criterion is used to assess whether a remedial
alternative will satisfy the federal and state ARARs identified in Section 3.2 of this FS.
As discussed previously, a TI waiver from groundwater ARARs has been granted for
OU3, and 1s detailed in a separate TI evaluation report.

6.1.2. Balancing Criteria

The five “balancing” criteria are the primary criteria upon which the detailed evaluation
and comparative analysis of alternatives is based. The analysis of these criteria is
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performed in sufficient detail to understand the significant aspects of each alternative and
to identify the uncertainties associated with the evaluation.

Long-Term Effectiveness and Permanence. The long-term effectiveness and
permanence criterion addresses the results of a remedial action in terms of the risk
remaining at the site after response objectives have been met. Consideration should be
given to residual risk remaining from treatment of residuals and/or untreated constituents
at the conclusion of remedial activities and the requirement of a five-year review. In
addition, the evaluation should include an assessment of the adequacy and reliability of
remedial controls, if any, that are used to manage treatment of residues or untreated
constituents remaining at the Site. Issues for evaluation are type and degree of long-term
management and operations and maintenance (O&M) functions.

Reduction in Mobility, Toxicity, or Volume through Treatment. This criterion
addresses the statutory preference for selecting remedial actions that employ treatment
technologies that permanently and significantly reduce toxicity, mobility, or volume of
the hazardous substances.

Short-Term Effectiveness. This criterion addresses the effects of the remedial
alternative on human health and the environment during the construction,
implementation, and operational phases of remedial action until response objectives have
been met. Consideration is given to protection of the community and workers during
construction phases and the effectiveness and reliability of available worker protective
measures. Other considerations include the potential short-term adverse environmental
impacts that may results from the construction and implementation of an alternative and
the time required to complete construction, implementation, and O&M activities to
achieve remedial objectives. Estimated remedial times are based on the time required to
remediate sites with similar COCs and conditions, COC degradation data, and
professional judgment.

Implementability. The implementability criterion addresses the technical and
administrative feasibility of implementing an alternative. Factors considered in this
evaluation include the following:

B Technical feasibility, including the technical difficulties and unknowns associated
with the construction and operation of a technology, the reliability of the technology,
the ease of undertaking additional remedial actions, and the ability to monitor the
effectiveness of the remedy.

B Administrative feasibility, including the activities needed to coordinate with other
agencies and the ability and time required to obtain any necessary approvals and
permits from the other agencies (e.g., for off-site actions).

B Availability of services and materials, including the availability of adequate off-site
treatment, storage capacity, and disposal services; the availability of necessary
equipment and specialists, and provisions to ensure any necessary additional
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resources; the availability of services and materials; and the availability of
prospective technologies.

Cost. Costs for CERCLA evaluations are divided into two principal categories: capital
costs and annual O&M costs. Consistent with the RI/FS guidance (USEPA, 1988), cost
estimates performed during the feasibility study stage are expected to provide an
accuracy of -30 percent to +50 percent. Capital costs ahd O&M costs have been
estimated for all of the remedial alternatives. Cost tables and a summary of major cost
assumptions are on Tables 6-1 to 6-7.

Capital Costs. Capital costs are defined as those expenditures required when initiating
and implementing a remedial action. These are short-term costs and are exclusive of
costs required to maintain the action throughout the project lifetime. These direct costs
include construction costs and expenditures for equipment, labor, disposal, permits, start-
up, and materials required during the remedial action installation. Bid and scope
contingencies are applied to the remedial alternatives, as appropriate, in accordance with
USEPA cost estimating guidance (USEPA, 2000). The bid contingency accounts for
factors that tend to increase costs associated with constructing a given project scope, such
as economic/bidding climate, contractor’s uncertainty regarding liability and insurance on
environmental cleanup sites, adverse weather, and geotechnical unknowns. The bid
contingency also covers changes during final design and implementation. Scope
contingencies include provisions for inherent uncertainties such as expansion of the
extent of remediation needed and regulatory or policy changes that may affect the initial
assumptions. The costs for engineering design, construction management, and project
management are also included in the capital costs.

O&M Costs. Annual O&M costs are associated with measures required to maintain the
effectiveness of response actions. These costs include labor, monitoring, materials,
utilities, residuals disposal, administrative support, and Site reviews. The cost estimates
generated for this analysis are based on an O&M period of 30 years. However, a longer
timeframe may apply for some of the remedial alternatives.

Present Worth Analysis. In order to compare costs for alternatives that have different
implementation time frames, the present worth for each alternative was calculated. A
discount rate of 2.3 percent is used for the present worth calculation. This discount rate
is obtained from the Office of Management and Budget (OMB) Circular A-94,

Guidelines and Discount Rates for Benefit Cost Analysis of Federal Programs (December
2010).

6.1.3. Modifying Criteria
The modifying criteria will not be addressed in this FS, but are mentioned below in the
interest of explaining the remedy selection process.

State Acceptance. This criterion provides the state — in this case, the State of New
Jersey — with the opportunity to assess any technical or administrative issues and
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concerns regarding each of the alternatives. State acceptance is not addressed in this
document, but will be addressed in the proposed plan and the ROD.

Community Acceptance. Issues and concerns the public may have regarding each of the
alternatives fall into this criterion. As with state acceptance, this criterion will be
addressed in the ROD once comments on the FS and proposed plan have been received.

6.2. Detailed Analysis of Individual Alternatives

The following sections present detailed analyses of the six proposed alternatives. Cost
summaries are discussed in this section and are presented on Tables 6-1 to 6-6 for
alternatives 1 to 6, respectively. Table 6-7 presents a summary of the costs of all of the
remedial alternatives. As part of the RI/FS, MODFLOW, a three-dimensional (3D) finite
difference flow model, and FRACTRAN, a numerical two-dimensional (2D) DFN model,
were constructed using OU3 characterization data collected during the RI. These models
have been used as tools to evaluate the effectiveness of the alternatives. The results of
the model alternative analyses are summarized, where applicable, in the alternatives
evaluations.

6.2.1. Alternative 1: No Further Action

In this alternative, no groundwater remediation systems would be installed or operated,
no institutional controls would be implemented, and only cursory monitoring would be
performed to enable preparation of CERCLA five-year reviews. Any improvement in
water quality would be through natural attenuation of the contaminants by
biodegradation, adsorption to or diffusion into the rock matrix, dispersion, and dilution.

6.2.1.1. Overall Protection of Human Health and the Environment

This alternative would not be effective in protecting human health and the environment.
It would provide no administrative system to control the use of contaminated
groundwater of monitor concentrations to determine significant changes in plume
concentrations and configuration.

6.2.1.2. Compliance with ARARs

There would be no means to monitor the TI zone; therefore, it is unknown whether
potential receptors would be protected, and RAOs would not be met.

6.2.1.3. Long-Term Effectiveness and Permanence

This alternative would not achieve long-term effectiveness or permanence. There would
be no use restrictions in place to prevent exposure to contaminated groundwater. The
effectiveness of natural attenuation processes would be unknown without an adequate
monitoring network, and there would be no means to monitor the TT zone.

6.2.1.4. Reduction of Toxicity, Mobility, and Volume

This evaluation criterion refers to a reduction in toxicity, mobility, or volume through
recovery or treatment. There is no treatment, so the statutory preference for treatment is
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not a component of this alternative. There would be no documented reduction in toxicity,
mobility, or volume of contaminants.

6.2.1.5. Short-Term Effectiveness

There would be a low risk to workers during groundwater sampling activities. Since only
sampling activities would take place under this alternative, there would be low risk to the
community, as monitoring wells would be capped and locked, purge water would be
contained and properly disposed, and traffic controls would be maintained during
sampling for any wells installed in or near roadways.

6.2.1.6. Implementability

There would be no technology or engineering controls to implement under this
alternative. No permits are required, and there are no administrative controls to
implement. A minimal monitoring program would be performed annually (collection of
groundwater from five monitoring wells with multilevel systems), and five-year
CERCLA reviews would be prepared.

6.2.1.7. Cost

Detailed costs are shown in Table 6-1. Capital costs for this alternative are estimated to
be $33,000, which is the cost of preparing a monitoring work plan. The present worth
costs for 30 years of O&M (which includes annual monitoring and submission of
CERCLA review every five years) is $2,093,000. The total present worth of this
alternative is estimated at $2,126,000.

6.2.2. Alternative 2: Monitored Natural Attenuation with Institutional
Controls

This alternative would consist of a detailed groundwater monitoring program to measure
COCs and MNA parameters, well restrictions in a groundwater CEA, reporting, and
maintenance of the monitoring well system. This alternative was developed to limit
public exposure to contaminated groundwater and to document the progress of natural
attenuation of COCs at QU3.

6.2.2.1. Overall Protection of Human Health and the Environment

Under this alternative, potential human exposure to groundwater would be controlled by
the establishment of a groundwater CEA. The CEA provides an institutional control
through a notice that there is groundwater contamination in the area. It also gives the
State the authority to restrict the installation of wells and the use of groundwater in the
CEA. Monitoring of groundwater would be performed to document the extent and levels
of groundwater contamination within the CEA and within the TI zone, and to verify that
contaminants do not migrate beyond these areas (it is anticipated that the boundaries of
the CEA and TI zone will be similar). Natural attenuation parameters would be analyzed
to document the conditions for natural degradation.
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6.2.2.2. Compliance with ARARs

Groundwater ARARs have been waived for the TI zone. Concentrations of COCs would
decrease through time within the TI zone. Estimated time frames to achieve ARARs in
the TI zone are discussed in more detail for the long-term effectiveness criterion.

6.2.2.3. Long-Term Effectiveness and Permanence

This alternative provides a robust monitoring system to document groundwater quality
and natural attenuation of contaminants through rock matrix diffusion processes,
degradation, retardation, dispersion, adsorption, and mineral precipitation. Groundwater
use would be controlled using well restrictions in a groundwater CEA. The long-term
effectiveness of the natural attenuation processes was evaluated using the FRACTRAN
model (see Appendix A). To model the MNA alternative, continued input of chlorinated
ethene mass at 10% of solubility was assumed (i.e., no source reduction). The model
results indicate that chlorinated ethenes will persist at concentrations exceeding ARARs
for very long time periods (i.e., beyond 150 years). However, the rate of plume front
migration is very slow due to the effects of matrix diffusion. Therefore, this remedy
could be effective for preventing contaminant migration beyond the TI zone.

6.2.2.4. Reduction of Toxicity, Mobility, and Volume

There is no active recovery or treatment for groundwater, so the statutory preference for
treatment is not a component of this remedy. However, it is expected that, over time,
there would be reductions in COC toxicity, mobility, and volume due to natural
attenuation processes (primarily matrix diffusion). The degree of expected attenuation
and the time-frames for attenuation are discussed above for the long-term effectiveness
criterion.

6.2.2.5. Short-Term Effectiveness

Since the implementation of this remedy would involve the drilling and installation of
four additional deep monitoring wells (average depth of 500 feet), there would be risks to
workers commensurate with these types of activities. There would be a low risk to
workers during groundwater sampling activities. Since only sampling activities would
take place under this alternative, there would be low risk to the community, since the
monitoring wells would be capped and locked, all sampling and purge water would be
contained and properly disposed, and traffic controls would be maintained during
sampling for any wells installed in or near roadways.

6.2.2.6. Implementability

This alternative would be straightforward to implement. Monitoring well installation and
maintenance, multi-level sampling system installation, and groundwater sampling are
well-known technologies and procedures. Services and materials would be readily
available to install the monitoring wells and multi-level monitoring systems.
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6.2.2.7. Cost

Detailed costs are shown in Table 6-2. Capital costs for this alternative are estimated to
be $1,090,000. The present worth costs for 30 years of MNA is estimated at $8,080,000,
The total present worth of this alternative is $9,170,000.

6.2.3. Alternative 3: Source Area Hydraulic Control with MNA and ICs

Alternative 3 controls the discharge of contaminated groundwater from the source area
(defined as the former CDE facility boundary for this alternative), thereby reducing
contaminant mass discharge from the source area. Groundwater would be pumped from
the source area, treated, and discharged. For Alternative 3a, treated water would be
discharged to the MCUA,; for Alternative 3b, treated water would be discharged te Bound
Brook. Alternatives 3a and 3b also include MNA and ICs, as discussed in Alternative 2.

6.2.3.1. Overall Protection of Human Health and the Environment

Under this alternative, potential human exposure to groundwater would be controlled by
the establishment of a groundwater CEA. Since it relies on advective transport of COCs,
the withdrawal of groundwater from the source area will only result in the removal of
minimal contaminant mass and COC concentration reductions; however, it will effect the
reduction of contaminant mass discharge from the source area by reducing the volume of
groundwater leaving that area. Monitoring of groundwater concentrations immediately
downgradient from the treatiment area would document the performance of the hydraulic
control. Monitoring of groundwater would also be performed to document the extent and
levels of groundwater contamination within the CEA and within the TI zone, and to
verify that contaminants do not migrate beyond these areas. Natural attenuation
parameters would be analyzed to document the conditions for natural degradation.

6.2.3.2. Compliance with ARARs

Groundwater numerical concentration ARARs have been waived for the TI zone.
Estimated time frames to achieve ARARs in the TI Zone are discussed in more detail for
the long-term effectiveness criterion. Hydraulic control, while reducing contaminant
mass discharge, would likely not result in the long term reduction of COC concentrations
in source area groundwater and, therefore, would not significantly reduce the timeframes
required to meet ARARs in the source area. Likewise, hydraulic control in the source
area will not reduce time-frames to achieve ARARs at the downgradient portion of the
plume because the chlorinated ethene mass entrained in the rock matrix throughout the
plume extent will continue to back-diffuse over long periods of time, serving as a
continuing source of contaminant mass to the down-gradient portion of the plurne.

6.2.3.3. Long-Term Effectiveness and Permanence

As discussed above, hydraulic control would likely not result in the long term reduction
of COC concentrations in source area groundwater. While some minor improvements in
groundwater quality would be achieved, the FRACTRAN modeling has demonstrated
that the time to achieve these benefits is very long and concentrations still remain
elevated for very long time periods (i.c., on the order of several hundred years).
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This alternative provides a robust monitoring system to document groundwater quality
and natural attenuation of contaminants through rock matrix diffusion processes,
degradation, retardation, dispersion, adsorption, and mineral precipitation. Groundwater
use would be controlled using well restrictions in a groundwater CEA. The long-term
effectiveness of natural attenuation processes was evaluated using the FRACTRAN
model. The model results indicate that chlorinated ethenes will persist at concentrations
exceeding ARARs for very long time periods. However, the expectation is that the rate
of plume front migration is very slow due to the effects of matrix diffusion.

6.2.3.4. Reduction of Toxicity, Mobility, and Volume

Alternative 3 would partially meet the preference in CERCLA for on-site treatment and
would result in a reduction of mobility in COCs as long as the system is in operation.
Hydraulic control would not result in a significant reduction of COC volume in the
source area since most of the COC mass is present in the rock matrix and removal would
be limited by the rate at which COCs would back-diffuse from the matrix to the
groundwater. While hydraulic control would result in the reduction of COC mass
discharge from the source, source “cut-off” at plumes in fractured sedimentary rock often
does not improve conditions downgradient in the plume (Parker et al, 2010). This was
verified by the results of the CDE OU3 FRACTRAN model future projection scenario, in
which the complete removal of the source term was simulated, and only minor
improvements in downgradient water quality were obtained after extended periods of
time. ~

6.2.3.5. Short-Term Effectiveness

Construction activities for this alternative include drilling extraction wells, construction
of a groundwater treatment building (including power supply), installation of
underground piping from the extraction wells to the treatment building, and the
establishment of a discharge point to either Bound Brook or the MCUA sewer. These
activities could result in a low to moderate risk to workers through potential exposure to
electrical hazards, mechanical hazards, and noise hazards. The majority of these hazards
can be controlled using engineering controls such as lockout/tagout procedures, safe work
practices, and personal protective equipment.

Implementation of the MNA portion of this remedy would involve the drilling and
installation of four additional deep monitoring wells (average depth of 500 feet), so there
would be risks to workers commensurate with drilling activities. There would be a low
risk to workers during groundwater sampling activities. There would be low risk to the
community during the MNA period, since the monitoring wells would be capped and
locked, all sampling and purge water would be contained and properly disposed, and
traffic controls would be maintained during sampling for any wells installed in or near
roadways.
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6.2.3.6. Implementability

Groundwater extraction is a commonly used technology and would be implementable
using readily available technologies. Additional evaluation and possible pilot testing may
be required to refine the groundwater treatment train. The components of the proposed
treatment trains for Alternatives 3a and 3b are commonly used and readily available.
Alternative 3b would require a slightly more rigorous treatment train than that required
for Alternative 3a to remove elevated metals (e.g., arsenic) prior to water discharge to
Bound Brook. In addition, a NJPDES permit would be required to implement Alternative
3b. The MNA portion of this alternative would be straightforward to implement.
Monitoring well installation and maintenance, multi-level sampling system installation,
and groundwater sampling are well-known technologies and procedures. Services and
materials would be readily available to install the monitoring wells and multi-level
monitoring systems.

6.2.3.7. Cost

Detailed costs are shown in Tables 6-3a and 6-3b. Capital costs for Alternative 3a are
estimated to be $3,779,000, and for Alternative 3b are estimated to be $2,721,000.
Annual O&M costs, including operation of the groundwater treatment plant and
discharge of treated groundwater, are estimated to be $1,210,000 for Alternative 3a and
$809,000 for Alternative 3b. The total present worth for Alternative 3a is $38,964,000
and for Alternative 3b is $29,285,000; these costs include 30 years of groundwater
extraction and treatment and 30 years of MNA ($9,170,000).

6.2.4. Alternative 4: Source Area Thermal Treatment with MNA and ICs

Alternative 4 involves thermal treatment using TCH and SEE. The goal is to remove
contaminant mass from the source area located at the former CDE facility in the vicinity
of MW-14. Alternative 4 includes implementation of institutional controls as well as
detailed monitoring for natural attenuation, as discussed for Alternative 2.

6.2.4.1. Overall Protection of Human Health and the Environment

Under this alternative, potential human exposure to groundwater would be controlled by
the establishment of a groundwater CEA. The use of thermal treatment in the treatment
area around MW-14 would remove primarily chlorinated ethene contaminant mass.
Monitoring of groundwater near the treatment area would document the performance of
the thermal treatment. Monitoring of groundwater would also be performed to document
the extent and levels of groundwater contamination within the CEA and within the TI
zone, and to verify that contaminants do not migrate beyond these areas. Natural
attenuation parameters would be analyzed to document the conditions for natural
degradation.

6.2.4.2. Compliance with ARARs

Groundwater numerical concentration ARARs have been waived for the TI zone.
Concentrations of COCs would decrease through time within the TI zone. Estimated
time frames to achieve ARARs in the TI zone are discussed in more detail for the long-
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term effectiveness criterion. The removal and treatment of chlorinated ethenes (and,
potentially, a portion of the PCB, pesticide, and PAHs mass) would decrease the time-
frames required to meet ARARs in the area surrounding MW-14. However, thermal
treatment in this area may not reduce time-frames to achieve ARARs at the downgradient
portion of the plume because the chlorinated ethene mass entrained in the rock matrix
throughout the plume extent will continue to back-diffuse over long periods of time,
serving as a continuing source of contaminant mass to the down-gradient portion of the
plume.

6.2.4.3. Long-Term Effectiveness and Permanence

The removal of chlorinated ethene mass (and potentially a portion of heavier organic
COC mass) would be permanent and would accelerate the time needed to achieve
ARARSs in this portion of the plume. The impact of source removal (in this case, via
thermal treatment) on groundwater concentrations throughout the plume was evaluated
using the FRACTRAN model. The model results indicate that source area treatment have
little impact on the persistence of the downgradient plume. While some minor
improvements in groundwater quality within the plume are achieved from source area
treatment, the time to achieve these benefits is very long and concentrations still remain
elevated for very long time periods (i.e., on the order of several hundred years).

This alternative provides a robust monitoring system to document groundwater quality
and natural attenuation of contaminants through rock matrix diffusion processes,
degradation, retardation, dispersion, adsorption, and mineral precipitation. Groundwater
use would be controlled using well restrictions in a groundwater CEA. The long-term -
effectiveness of natural attenuation processes was evaluated using the FRACTRAN
model. The model results indicate that chlorinated ethenes will persist at concentrations
exceeding ARARs for very long time periods. However, the expectation is that the rate
of plume front migration is very slow due to the effects of matrix diffusion.

6.2.4.4. Reduction of Toxicity, Mobility, and Volume

The thermal treatment would partially meet the preference in CERCLA for treatment on
site, because this remedy would result in reduction of COC volume in the groundwater
fractures in the vicinity of MW-14. The fate of dissolved and adsorbed contaminant mass
within the rock matrix is uncertain. However, it may be assumed that at least a portion of
the contaminant mass in the rock matrix in the area of influence of the thermal treatment
would be volatilized and would back diffuse and be captured by the extraction system.
The thermal treatment would also result in at least a temporary reduction in mobility of
COCs from the MW-14 area to downgradient portions of the plume. However, as
discussed by Parker et al (2010), souirce removal at plumes in fractured sedimentary rock
often does not improve conditions downgradient in the plume. This was verified by the
results of the CDE OU3 FRACTRAN model future projection scenario in which the
complete removal of the source term was simulated and only minor improvements in
downgradient water quality were obtained after extended periods of time.
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6.2.4.5. Short-Term Effectiveness

Construction activities for the thermal treatment portion of this alternative include
drilling of heater and steam wells, MPE and SVE wells, and temperature and pressure
monitoring points. Activities also include installation of well-field piping, construction
of a vapor cover, setup of TCH power equipment and a steam generation system, and
electrical wiring installation. These activities could result in a moderate risk to workers.
An above-ground treatment system for vapor and water would also be constructed.
Construction of this treatment system could result in low risk to workers. Thermal
treatment operations would be performed over a span of approximately five months.
During this time, workers might be exposed to hazards related to thermal burns (e.g.,
from contact with steam), electrical hazards, mechanical hazards, noise hazards, and
other potential hazards. The majority of these hazards can be controlled using
engineering controls such as lockout/tagout procedures, safe work practices (e.g., labeling
hot surfaces and waiting until equipment cools before using it), and/or personal protective
equipment (e.g., heat resistant clothing, face shields, gloves, ear protection, boots, and
hard hat). The thermal treatment will be performed over an approximately 1-acre area.
An appropriate exclusion zone would be established around the area and it is expected
that risks to workers or others outside the exclusion zone would be minimal during
thermal treatment operations. Although the SVE and MPE wells should capture nearly
all of the vapor generated in the treatment area, complete capture will be difficult to
verify in the fractured rock setting at OU3. There is a potential that steam or warm water
not captured by the extraction systems could discharge to Bound Brook.

Implementation of the MNA portion of this remedy would involve the drilling and
installation of four additional deep monitoring wells (average depth of 500 feet), so there
would be risks to workers commensurate with drilling activities. There would be a low
risk to workers during groundwater sampling activities. There would be low risk to the
community during the MNA period, since the monitoring wells would be capped and
locked, all sampling and purge water would be contained and properly disposed, and
traffic controls would be maintained during sampling for any wells installed in or near
roadways.

6.2.4.6. Implementability

There are several technical difficulties involved with implementing thermal treatment in
fractured bedrock. One of the most significant is the ability to hydraulically control the
steam injections in a fractured rock setting. Also, since it is not feasible to dewater the
treatment area due to the productive zone at approximately 65 feet bgs, target
temperatures are limited to 100°C, limiting treatment of PCBs, pesticides, and PAHs,
which typically require temperatures in excess of 325°C for vaporization. Because the
energy usage is significant during thermal treatment operations, coordination may be
required with the local energy utility to boost electrical service to the Site. A temporary
discharge authorization would be required from MCUA to discharge treated condensate
(the vapor treatment system would need to meet MCUA's effluent criteria, provided in
Appendix D). TCH and SEE are currently widely applied at a variety of sites at both
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pilot and full-scale. Several vendors offer TCH and SEE services, and have the personnel
and equipment to address multiple sites concurrently.

The MNA portion of this alternative would be straightforward to implement. Monitoring
well installation and maintenance, multi-level sampling system installation, and
groundwater sampling are well-known technologies and procedures. Services and
materials would be readily available to install the monitoring wells and multi-level
monitoring systems.

6.2.4.7. Cost

Detailed costs are shown in Table 6-4. Capital costs for this alternative are estimated to
be $14,069,000. There are no O&M costs associated with thermal treatment since the
entire thermal treatment operation will be completed within one year (it is assumed that
costs for five-year CERCLA reviews are included in the MNA costs). The present worth
cost for 30 years of MNA is estimated at $9,170,000. The total present worth of this
alternative is $23,239,000.

6.2.5. Alternative 5: Source Area In Situ Chemical Oxidation with MNA and
ICs

Alternative 5 involves ISCO treatment using activated persulfate to remove contaminant
mass from the source area located at the former CDE facility in the vicinity of MW-14.
Alternative 5 includes implementation of institutional controls as well as detailed
monitoring for natural attenuation, as discussed for Alternative 2.

6.2.5.1. Overall Protection of Human Health and the Environment

Under this alternative, potential human exposure to groundwater would be controlled by
the establishment of a groundwater CEA. The CEA provides an institutional control
through a notice that there is groundwater contamination in the area. It also gives the
State the authority to restrict the installation of wells and the use of groundwater in the
CEA. The use of ISCO treatment in the treatment area around MW-14 would remove
organic COCs including chlorinated ethenes, PCBs, pesticides, and PAHs. Monitoring of
groundwater near the treatment area would document the performance of the ISCO
treatment. Monitoring of groundwater would also be performed to document the extent
and levels of groundwater contamination within the CEA and within the TI zone, and to
verify that contaminants do not migrate beyond these areas. Natural attenuation
parameters would be analyzed to document the conditions for natural degradation.

6.2.5.2. Compliance with ARARs

Groundwater numerical concentration ARARs have been waived for the TI zone.
Concentrations of COCs would decrease through time within the TI zone. Estimated
time frames to achieve ARARs in the TI zone are discussed in more detail for the long-
term effectiveness criterion. The removal and treatment of organic COCs would decrease
the time-frames required to meet ARARs in the area surrounding MW-14. However,
ISCO treatment in this area may not reduce time-frames to achieve ARARs at the
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downgradient portion of the plume because the chlorinated ethene mass entrained in the
rock matrix throughout the plume extent will continue to back-diffuse over long periods
of time, serving as a continuing source of contaminant mass to the down-gradient portion
of the plume.

6.2.5.3. Long-Term Effectiveness and Permanence

The oxidation of organic COCs would be permanent and would reduce the time needed to
achieve ARARSs in this portion of the plume (i.e., in the vicinity of MW-14). The impact
of source removal (in this case, via ISCO) on groundwater concentrations throughout the
plume was evaluated using the FRACTRAN model. The model results indicate that
source area treatment will have little impact on the persistence of the downgradient
plume. While some minor improvements in groundwater quality within the plume are
achieved from source area treatment, the time to achieve these benefits is very long and
concentrations still remain elevated for very long time periods (i.e., on the order of
several hundred years).

This alternative provides a robust monitoring system to document groundwater quality
and natural attenuation of contaminants through rock matrix diffusion processes,
degradation, retardation, dispersion, adsorption, and mineral precipitation. Groundwater
use would be controlled using well restrictions in a groundwater CEA. The long-term
effectiveness of natural attenuation processes was evaluated using the FRACTRAN
model. The model results indicate that chlorinated ethenes will persist at concentrations
exceeding ARARs for very long time periods. However, the expectation is that the rate
of plume front migration is very slow due to the effects of matrix diffusion.

6.2.5.4. Reduction of Toxicity, Mobility, and Volume

The ISCO treatment would partially meet the preference in CERCLA for treatment on-
Site, because this remedy would result in reduction of COC volume in the groundwater
fractures in the vicinity of MW-14. The fate of dissolved and adsorbed contaminant mass
within the rock matrix is uncertain. However, it is assumed that at least a portion of the
contaminant mass within the rock matrix would be treated via chemical oxidation. The
ISCO treatment would also result in at least a temporary reduction in mobility of COCs
from the MW-14 area to downgradient portions of the plume. However, as discussed by
Parker et al (2010), source removal at plumes in fractured sedimentary rock often does
not improve conditions downgradient in the plume. This was verified by the results of
the CDE OU3 FRACTRAN model future projection scenario in which the complete
removal of the source term was simulated and only minor improvements in downgradient
water quality were obtained after extended periods of time.

6.2.5.5. Short-Term Effectiveness

Construction activities for the ISCO treatment portion of this alternative include drilling
of injection wells, which may pose moderate risks to site workers. ISCO treatment
operations involve storage and handling of sodium persulfate and sodium hydroxide.
ISCO operations pose moderate to high risks to site workers. During ISCO operations,

MALCOIA | - U.S. Army Corps of Engineers ‘
SR & Comell-Dubilier Electronics Superfund Site 6-13
IRNIE M Oratt FS Report




Section 6
Detailed Evaluation of Remedial Alternatives

workers are exposed to hazards related to chemical exposure (e.g., skin burns, irritation to
eyes, nose, lungs, and throat). They are also exposed to hazards related to combustion,
since sodium persulfate decomposes during storage and can cause release of oxides that
support combustion. These hazards can be controlled using appropriate chemical storage
procedures and appropriate personal protection equipment. The work site should be set
up so the oxidant will be properly contained in the event of a leak from the storage
container. Protective safety equipment should include a portable eyewash and shower in
the event of an accidental exposure to the chemicals. The ISCO treatment will be
performed over an approximately l-acre area. An appropriate exclusion zone would be
established around the area and it is expected that risks to workers or others outside the
exclusion zone would be minimal during ISCO operations. Since shallow groundwater
from the former CDE facility potentially discharges to Bound Brook, there is a potential
that sodium persulfate and /or sodium hydroxide could enter the stream. These
chemicals, in sufficient quantities, could negatively impact water quality in the stream
and pose unacceptable risks to ecological receptors. However, given the fairly small
quantities of persulfate to be applied during each injection event (i.e., half of a pore
volume within the treatment area) it is not likely that any chemical discharges to Bound
Brook related to ISCO operations would impact water quality.

Implementation of the MNA portion of this remedy would involve the drilling and
installation of two additional deep monitoring wells (depth of 500 feet), so there would
be risks to workers commensurate with drilling activities. There would be a low risk to
workers during groundwater sampling activities. There would be low risk to the
community during the MNA period, since the monitoring wells would be capped and
locked, all sampling and purge water would be contained and properly disposed, and
traffic controls would be maintained during sampling for any wells installed in or near
roadways.

6.2.5.6. Implementability

There are several technical difficulties involved with implementing ISCO treatment in
fractured bedrock. The most significant difficulty pertains to achieving oxidant
distribution throughout the fracture network. ISCO is effective only if the oxidant
directly contacts the contaminants to be treated. It is assumed that an ISCO pilot study
will need to be performed prior to full-scale design and implementation to refine the
achievable injection radius of influence. The rock oxidant demand for the rock at OU3
will need to be determined in a treatability study to determine how much of the persulfate
oxidant will be consumed by minerals present in the rock matrix. ISCO effectiveness at
OU3 will also be limited by mass transfer limitation (i.e., matrix diffusion of
contaminants in the bedrock). ISCO will generally only be effective for contaminants
that are contained in the rock fractures. ISCO with persulfate is currently widely applied
at a variety of sites at both pilot and full-scale. Several vendors offer ISCO application
services and have the personnel and equipment to address multiple sites concurrently. To
implement ISCO in New Jersey, a NJPDES permit equivalency is required in accordance

. " U.S. Army Corps of Engineers
NN Comell-Dubllier Electronics Superfund Site 6-14
Draft FS Report

YIRNIE




Section 6
Detai'lgd Evaluation of Remedial Alternatives

with the Technical Requirements for Site Remediation pursuant to the NJAC Section
7:26E and the NJPDES rules in NJAC 7:14A.

The MNA portion of this alternative would be straightforward to implement. Monitoring
well installation and maintenance, multi-level sampling system installation, and
groundwater sampling are well-known technologies and procedures. Services and
materials would be readily available to install the monitoring wells and multi-level
monitoring systems.

6.2.5.7. Cost

Detailed costs are shown in Table 6-5. Capital costs for this alternative are estimated to
be $1,872,000. Annual O&M costs (to be incurred in Years 2 to 6), including quarterly
ISCO injections, are $754,000. The total present worth of this alternative is $14,307,000;
this includes five years of ISCO injections, as well as 30 years of MNA, which is
estimated at $9,170,000.

6.2.6. Alternative 6: Source Area In Situ Bioremediation with MNA and ICs

Alternative 6 involves the use of in situ biological treatment using an EVO as a carbon
substrate, as well as bioaugmentation with microbial cultures, to remove contaminant
mass from the source area located at the former CDE facility in the vicinity of MW-14.
Alternative 6 includes implementation of institutional controls as well as detailed
monitoring for natural attenuation, as discussed for Alternative 2.

6.2.6.1. Overall Protection of Human Health and the Environment

Under this alternative, potential human exposure to groundwater would be controlled by
the establishment of a groundwater CEA. The CEA provides an institutional control
through a notice that there is groundwater contamination in the area. It also gives the
State the authority to restrict the installation of wells and the use of groundwater in the
CEA. The use of in situ biological treatment in the treatment area around MW-14 would
remove organic COCs, primarily chlorinated ethenes. The other classes of organic
compounds present at the source area (i.e., PCBs, pesticides, and PAHs) are not as likely
to biodegrade. Monitoring of groundwater near the treatment area would document the
performance of the in situ biological treatment. Monitoring of groundwater would also
be performed to document the extent and levels of groundwater contamination within the
CEA and within the TI zone, and to verify that contaminants do not migrate beyond these
areas. Natural attenuation parameters would be analyzed to document the conditions for
natural degradation.

6.2.6.2. Compliance with ARARs

Groundwater numerical concentration ARARs have been waived for the TI zone.
Concentrations of COCs would decrease through time within the TI zone. Estimated
time frames to achieve ARARs in the TI zone are discussed in more detail for the long-
term effectiveness criterion. The removal and treatment of chlorinated ethene COCs
would decrease the time-frames required to meet ARARS in the area surrounding MW-
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14. However, in situ biological treatment in this area may not reduce time-frames to
achieve ARARs at the downgradient portion of the plume because the chlorinated ethene
mass entrained in the rock matrix throughout the plume extent will continue to back-
diffuse over long periods of time, serving as a continuing source of contaminant mass to
the down-gradient portion of the plume.

6.2.6.3. Long-Term Effectiveness and Permanence

The removal of chlorinated ethene mass would be permanent and would accelerate the
time needed to achieve ARARs in this portion of the plume. The impact of source
removal (in this case, via in situ biological treatment) on groundwater concentrations
throughout the plume was evaluated using the FRACTRAN model. The model results
indicate that source area treatment have little impact on the persistence of the
downgradient plume. While some minor improvements in groundwater quality within
the plume are achieved from source area treatment, the time to achieve these benefits is
very long and concentrations still remain elevated for very long time periods (i.e., on the
order of several hundred years).

This alternative provides a robust monitoring system to document groundwater quality
and natural attenuation of contaminants through rock matrix diffusion processes,
degradation, retardation, dispersion, adsorption, and mineral precipitation. Groundwater
use would be controlled using well restrictions in a groundwater CEA. The long-term
effectiveness of natural attenuation processes was evaluated using the FRACTRAN
model. The model results indicate that chlorinated ethenes will persist at concentrations
exceeding ARARs for very long time periods. However, the expectation is that the rate
of plume front migration is very slow due to the effects of matrix diffusion.

6.2.6.4. Reduction of Toxicity, Mobility, and Volume

The in situ biological treatment would partially meet the preference in CERCLA for
treatment on site, because this remedy would result in reduction of COC volume in the
groundwater fractures in the vicinity of MW-14. The fate of dissolved and adsorbed
contaminant mass within the rock matrix is uncertain. However, it is assumed that at
least a portion of the contaminant mass within the rock matrix would be treated via in situ
biological treatment. Bioremediation treatment would also result in at least a temporary
reduction in mobility of COCs from the MW-14 area to downgradient portions of the
plume. However, as discussed by Parker et al (2010), source removal at plumes in
fractured sedimentary rock often does not improve conditions downgradient in the plume.
This was verified by the results of the CDE OU3 FRACTRAN model future projection
scenario in which the complete removal of the soutce term was simulated and only minor
improvements in downgradient water quality were obtained after extended periods of
time.

6.2.6.5. Short-Term Effectiveness

Construction activities for the in situ biological treatment portion of this alternative
include drilling of injection wells, which may pose moderate risks to sitc workers. The
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proposed bioremedation treatment operations involve storage and handling of EVO and
microbial cultures. EVO is a food-grade product that poses minimal health risks to
workers. Although the dechlorinating bacteria cultures do not contain virulent pathogens,
standard hygienic procedures should be observed by site workers to avoid contact with
the bacterial culture solutions. The work site should be set up so that remediation
amendments will be properly contained in the event of a leak from the storage container.
Protective safety equipment should include a portable eyewash and shower in the event
of an accidental exposure to the chemicals. The biological treatment will be performed
over an approximately 1-acre area. An appropriate exclusion zone would be established
around the area and it is expected that risks to workers or others outside the exclusion
zone would be minimal during in sifu biological treatment operations. Since shallow
groundwater from the former CDE facility potentially discharges to Bound Brook, there
is a potential that biological treatment amendments could enter the stream. These
chemicals could negatively impact water quality in the stream and pose unacceptable
risks to ecological receptors.

Implementation of the MNA portion of this remedy would involve the drilling and
installation of two additional deep monitoring wells (depth of 500 feet), so there would
be risks to workers commensurate with drilling activities. There would be a low risk to
workers during groundwater sampling activities. There would be low risk to the
community during the MNA period, since the monitoring wells would be capped and
locked, all sampling and purge water would be contained and properly disposed, and
traffic controls would be maintained during sampling for any wells installed in or near
roadways.

6.2.6.6. Implementability

There are several technical difficulties involved with implementing in situ biological
treatment in fractured bedrock. The most significant difficulty pertains to achieving
adequate distribution of the amendments throughout the fracture network to establish
conditions conducive to the growth of dechlorinating bacteria. It is assumed that an in
situ bioremediation pilot study will need to be performed prior to full-scale design. The
purpose of the pilot study would be to evaluate the efficacy of the technology and to
establish design parameters for spacing of injection wells and for establishing required
frequency of substrate application. The effectiveness of in situ biological treatment at
OU3 will be limited by mass transfer limitation (i.e., matrix diffusion of contaminants in
the bedrock). In situ bioremediation will generally only be effective for contaminants
that are contained in the rock fractures (i.e., in the aqueous phase). In situ biological
treatment using EVO is currently widely applied at a variety of sites at both pilot and full-
scale. Several vendors offer various formulations of EVOs, and there are several
suppliers of specialized dechlorinating bacterial microbial cultures; therefore, both these
types of amendments are readily available. Also, there are several firms that specialize in
the injection of remediation amendments, and several have offices / equipment in New
Jersey. To inject the proposed amendments into the subsurface in New Jersey, a NJPDES
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permit equivalency is required in accordance with the Technical Requirements for Site
Remediation pursuant to the NJAC Section 7:26E and the NJPDES rules in NJAC 7:14A.

The MNA portion of this altemative would be straightforward to implement. Monitoring
well installation and maintenance, multi-level sampling system installation, and
groundwater sampling are well-known technologies and procedures. Services and
materials would be readily available to install the monitoring wells and multi-level
monitoring systems.

6.2.6.7. Cost

Detailed costs are shown in Table 6-6. Capital costs for this alternative are estimated to
be $1,983,000. Annual O&M costs (to be incurred in Years 2 to 11), including annual
applications of bioremediation amendments, are $134,000. The total present worth of
this alternative is $12,311,000; this includes ten years of bioremediation amendment
injections, as well as 30 years of MNA, which is estimated at $9,170,000.

6.3. Comparative Analysis of Alternatives

The purpose of the comparative analysis of alternatives is to evaluate the relative
performance of each alternative for each of the seven evaluation criteria. A summary of
the six alternatives relative to the evaluation criteria (with the exception of costs, which
are shown on Table 6-7) is presented in Table 6-8. A comparison of the alternatives for
each of the evaluation criteria is provided below.

6.3.1. Overall Protection of Human Health and the Environment

With the exception of Alternative 1 (No Action), all of the alternatives include
institutional controls to mitigate identified potential risks resulting from exposure to
groundwater through pathway elimination. Therefore, Alternatives 2 through 6 would be
protective of human health and the environment. Altemative 1 would not be protective
of human health and the environment since it does not include measures to prevent
exposure to groundwater.

6.3.2. Compliance with ARARs

A TI Zone has been established to capture OU3 and ARARs have been waived within the
TI Zone.

6.3.3. Long-Term Effectiveness and Permanence

As discussed previously, the FRACTRAN model results indicate that source area
treatment will have little impact on the persistence of the downgradient plume. While
some minor improvements in groundwater quality within the plume are achieved from
source area treatment, the time to achieve these benefits is very long and concentrations
still remain elevated for very long time periods (i.e., on the order of several hundred
years).
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The long-term effectiveness of natural attenuation processes was evaluated using the
FRACTRAN model. The model results indicate that chlorinated ethenes will persist at
concentrations exceeding ARARs for very long time periods. However, the expectation
is that the rate of plume front migration is very slow due to the effects of matrix
diffusion.  Therefore, although Alternatives 3, 4, 5, and 6 may locally improve
groundwater quality, the long-term effectiveness of all the alternatives, including
Alternative 2 (MNA with ICs), would be equal.

6.3.4. Reduction of Toxicity, Mobility, and Volume

Alternatives 4 (Thermal Treatment), 5 (ISCO), and 6 (Bioremediation) would all partially
meet the preference in CERCLA for treatment on site and would result in a reduction in
the volume of COCs in the MW-14 area, and at least a temporary reduction in mobility of
COCs to downgradient portions of the plume. Alternative 3 (Hydraulic Control), would
result in a reduction of mobility to downgradient portions of the plume as long as the
system is in operation. Of these alternatives, Alternative 4 would likely be the most
effective overall. However, as it has been demonstrated that source removal at plumes in
fractured sedimentary rock will not likely improve conditions downgradient in the plume,
all of the alternatives, including Alternative 2 (MNA with ICs), would be equal equally
effective at reducing toxicity, mobility, and volume of the entire OU3 area.

6.3.5. Short-Term Effectiveness

Alternatives 3 (Hydraulic Control), 4 (Thermal Treatment), and 5 (ISCO) would involve
construction and/or in-situ treatment hazards that could pose a risk to site workers or the
surrounding environment. However, it is anticipated that these risks could be mitigated
through the use of engineering controls, safe work practices, and personal protective
equipment. All of the alternatives except Alternative 1 (No Action) involve the drilling
and sampling of monitoring wells, which is expected to pose minimal risks to site
workers and the surfounding environment.

6.3.6. Implementability

Alternative 2 (MNA with ICs) could be readily implemented using commonly available
technologies and with minimal design or permitting. Alternatives 3 (Hydraulic Control),
5 (ISCO), and 6 (Bioremediation) could also be readily implemented; however, all three
would require permitting (underground injection or surface water/sewer discharge).
Alternatives 5 and 6 would require some design as well as bench and/or field-scale pilot
testing, while Alternative 3 would require full-scale plans and specifications for
construction of the groundwater extraction and treatment infrastructure. Alternative 4
would likely be the most difficult to implement due to the energy, permitting, and heating
controls/infrastructure required.

6.3.7. Cost

The costs for Alternatives 1 through 6 are summarized on Table 6-7. Capital costs,
operations and maintenance costs, and monitoring costs were developed for each
alternative. Scope and bid contingencies, as well as design and project management
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costs, were added in accordance with USEPA’s Guide to Developing and Documenting
Cost Estimates During the Feasibility Study (USEPA, 2000). The estimate accuracy of
the costs is -30% to +50%. As discussed in Section 6.1.2, a discount rate of 2.3% was
applied to calculate present value costs. Each alternative has an estimated duration of 30
years; although, as discussed above, it is anticipated that contaminant concentrations will
exceed ARARs for much longer time periods. Tables 6-1 to 6-6 also present the non-
discounted values of each alternative.

The costs for each alternative (except for Alternative 1) were developed on the basis of
preliminary engineering designs to meet the RAOs. The estimated present value costs
range from $2.1 million to $39 million. This wide range in costs for the alternatives
results from the following factors:

B Alternative 1 has the lowest present value cost because it includes only cursory
monitoring to support preparation of CERCLA five-year reviews. Costs are still
significant, however, because each of the five assumed monitoring locations contains
multi-level ports, and because monitoring would be required for a minimum of 30
years.

B Although Alternative 2 involves only installation of four wells followed by regular
monitoring of the new wells and existing wells, the monitoring program to support
the TI waiver is extensive. The program includes collection of samples from twelve
existing shallow bedrock wells, as well as 22 existing deep bedrock wells (each with
multiple sample ports, for a total of 126 ports) and four new deep bedrock wells that
are assumed to each contain nine sample ports. The list of analytes for wells located
on the former CDE facility is extensive, including VOCs, PCBs, pesticides, SVOCs,
as well as MNA parameters (the analyte list for wells not located on the facility
includes primarily VOCs and MNA parameters).

B The present value estimate for Alternative 3a ($39 million) is significantly higher
than that for Alternative 3b ($29 million). This is largely because of the large capital
cost required to connect to the Borough of South Plainfield’s sewer system, and also
because of the POTW treatment costs imposed by MCUA and the sewer usage fees
imposed by the Borough of South Plainfield. The additional water treatment required
to meet NJDEP effluent criteria for FW-2 streams is significantly lower than the fees
required to discharge treated water to MCUA.

B Of the three in situ source area treatment alternatives (i.e., Alternatives 4, 5, and 6),
thermal treatment (Alternative 4) is the most expensive. Drilling and well installation
of closely spaced heating points accounts for approximately $3 million, and
electricity usage accounts for approximately $1.7 million of the total capital cost of
approximately $14 million for thermal treatment.

B The present value of ISCO is estimated to be approximately $2 million greater than
the present value of in situ biological treatment. This is because the O&M costs are
greater for ISCO than for in situ biological treatment because: (1) the cost of the
ISCO reagents is greater than that of the biological reagents and (2) greater frequency
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. of ISCO injections (quarterly for five years) as opposed to biological amendment
applications (annually for 10 years) because the oxidants have a much shorter active
life than the biological amendments.
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TABLE 1-1
CHRONOLOGY OF EVENTS AND SITE INVESTIGATIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

DATE

EVENT

1912 — mid/late 1920s

Spicer Manufacturing Company operated a manufacturing plant
on the Site; most of the major structures were erected by 1918.

1936 - 1962

CDE facility in operation, manufacturing of electronic
components including capacitors led to disposal of PCB-
contaminated materials and other hazardous substances directly on
the facility soils.

1962 — 2007

CDE vacated the facility and since then the facility has dpératéd
as a rental property consisting of a variety of commercial and light
_industrial tenants.

1986

"NIDEP began investigation of the environmental conditions at the
former CDE facility. Preliminary sampling by the NJDEP and the
USEPA showed the presence of elevated concentrations of PCBs,
VOCs, and inorganic chemicals in facility soils, sediments, and
surface water.

1997

"The USEPA conducted a preliminary investigation of Bound

Brook and collected surface soil and interior dust samples from
nearby residential and commercial properties. These
investigations lead to fish consumption advisories for Bound
Brook and its tributaries.

March 1997

USEPA ordered the owner of the facility property to perform a
removal action associated with contaminated soil and surface
water runoff from the facility. The removal action included
paving driveways and parking areas in the industrial park,
installing a security fence, and implementing drainage controls.

1998

The Site was added to the National Priorities List as a result of the
1997 sampling activities. The USEPA initiated a removal action
to address PCBs in interior dust at houses to the west and
southwest of the facility.

1998- 2000

The USEPA ordered CDE and Dana Corporation to unplement
removal actions to address PCBs in soils at six residential
properties in 1998 and seven additional properties in 1999 that
were located to the west and southwest of the facility. The first

_removal action was completed in 1999 and the second in 2000.

2000

Foster Wheeler, Inc. conducted an RI that included the collection
of soil, sediment, and building surface samples, as well as the
installation and sampling of 12 shallow bedrock monitofing wells.
The USEPA then divided the Site into four OUs: QU1 addresses
residential, commercial, and municipal properties in the vicinity
of the former CDE facility, OU2 addresses facility soils and

| buildings, OU3 addresses groundwater, and' OU4 addresses the

Bound Brook.

2001

USEPA issued the RI and FS for OUI,

September 30, 2003

USEPA signed a Record of Decision to address OU1 and OU2.
The selecjt\edr remedy included the removal of appngjgately 2,100
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" TABLE 1-1

CHRONOLOGY OF EVENTS AND SITE INVESTIGATIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

cubic yards of contaminated soils from neighboring properties, as
well as indoor dust remediation where PCB contaminated dust
was identified. Additional sampling was proposed to determine if
further remediation was required.

April 2004

The FS fof QU2 was issued.

September 2004

The ROD for OU2 was issued. The remedy specified in the ROD
included excavation of an estimated 114,500 cubic yards of
contaminated soil, on-site treatment of excavated soils,
transportation of contaminated soil and debris no suitable for
LTTD treatment, installation of a multilayer cap or hardscape,
installation of engineering controls, property restoration, and
implémentation of institutional controls.

‘ November 2006

USEPA began implementing the OU2 ROD with the relocation of
facility tenants at the industrial park and began demolition of the
18 buildings.

December 2007

Scope of work was transmitted to Malcolm Pirnie, Inc.

May 2008

Building demolition completed.

January 2008

Eight deep bedrock wells were installed by USEPA to assess the
hydraulic properties of the fractured bedrock and water quality of
the bedrock groundwater up- and down-gradient of the former
CDE facility. Groundwater samples were collected for VOCs
from multiple depths and also were taken from 12 existing
shallow bedrock monitoring wells located at the former CDE
facility. Initial testing indicated the presence of chlorinated VOCs
in 11 of the 12 shallow bedrock wells.

October 2008

A Final Remedial Investigation/Feasibility Study Work Plan and
Final Site-Wide Site Safety and Health Plan for All Operable
Units were submitted to the USEPA.

December 2008

A Final Field Sampling Plan was submitted to the USEPA.

January - June 2009

Malcolm Pirie performed rock core sampling and analyses to
assess the presence of VOCs and PCBs in the rock matrix and
completed borehole drilling and installation of temporary FLUTe
liners for future monitoring wells.

May - June 2009

Malcolm Pimie carried out FLUTe liner drop tests to assess
hydraulic properties of fractured bedrock zones and completed
borehole geophysics.

September - October 2009

Malcolm Pirnie installed FLUTe multi-port monitoring wells to
record hydraulic heads and to obtain groundwater samples from
fractured bedrock zones.

October 2009 Malcolm Pimie performed the first sampling event, recording
.water levels and collected groundwater samples from all
monitoring wells.

March 2010 Malcolm Pirnie performed the second sampling event, recording

water levels and collected groundwater samples from all
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TABLE 1-1

CHRONOLOGY OF EVENTS AND SITE INVESTIGATIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

monitoring wells, plus select wells for PCB congeners, Dioxins,
and Furans..

June 2010

Malcolm Pirnie completed an integral aquifer test to further
characterize the source term in bedrock, and to characterize
anisotropic groundwater movement in the Passaic Formation at
the Site. This included an 8 hour step rate drawdown test, two 48
hour constant rate pumping tests, and the collection of water
quality samples of pumping effluent to characterize the mass
discharge over time (VOCs, PCBs, physical parameters)

July 2010

Malcolm Pirnie performed the third sampling event, recording
water levels from all monitoring wells and collected groundwater
samples from select wells for PCB congeners, dioxins, and furans.

September — November
2010

Malcolm Pirnie completed borehole drilling, carried out FLUTe
liner drop tests to assess hydraulic properties of fractured bedrock
zones and completed borehole geophysics for additional
monitoring well MW-23,

December 2010

Malcolm Pimie completed installation of temporary FLUTe liner
in MW-23, conducted first sampling event on MW-23.
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TABLE 2-1

OU3 RI MONITORING WELLS
Comnell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

Welio | ruteMwenpons [—STpempnelliml Portdegth selection rational
Shallow Bedrock Monitoring Wells

MW-01A 1 24 49 Not Appligabi,e

MW-02A 1 24 49 Not Applicable
MW-03 1 17 32 Not Applicable.
MW-04 1 29 49 Not Applicable
MW-05 1 25 455 Not Applicable
MW-06 1 29 44 Not Applicable
MW-07 1 43 58 Not Applicable
MW-08 1 42 57.5 Not Applicable
MW-09 1 29 54 Not Applicable
MW-10 1 37 52 Not Applicable
MW-11 1 34 59 Not Applicable
MW-12 1 35 60 Not Applicable

[

Deep Bedrock MquI-Port Monit_qrin_g_&/ells

b ,

ERT-2

Shéllowgst interval, fracture at'33' bgs

40 50 Moderate borehole transmissivity, fracture at 48" bgs

54 59 Moderate borehole transmissivity

70 75 High borehole transmissivity

97 107 High borehole transmissivity, fracture at 105' bgs

113 123 Moderate borehole transmissivity, fractures-at 114' and 119' bgs
127 137

ERT-4

£

2B 2 LA P oot L B ERics
1 27 37 Shallowest interval, fracture at 35' bgs
2 46 56 Fractures at 48' and 55' bgs
3 61 66 Fracture at 65' bgs
4 83 88 Moderate borehole transthissivity, fracture at 86' bgs
5 91 106 High borehole transmissivity, fractures at 94', 97', and 100" bgs
6 111 116 Moderate borehole transmissivity, high resistivity
7

Fracture at 134’ bgs

L




TABLE 2-1
OU3 RI MONITORING WELLS
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

welo | aute™welipons | —SpempRe R port/depth selection rationale
36 Fractures at 32' and 35' bgs, high resistivity
85 High borehole transmissivity, fracture at 76' bgs
103 _ Fracture at 98' bgs
117 Moderate borehole transmissivity, fraqcture at 115' bgs
E S I v Rl S A -
I
140 s epestintervat, feseture at 135 b
27 Shallowest interval, cél,iper log
41 High borehole transmissivity
54 High borehole transmissivity, caliper log
62 High borehole transmissivity, caliper log
97 Moderate borehole transmissivity, caliper log, inflection in resisitivity
112 Caliper log
145
28
a5
7B -
125
160
MW-145 1 30 35 Shallowest interval
2 41 46 Inflection in resistivify )
3 55 60 Rock matrix results
4 70 — V Deep_est interva;I, moder_a:tgbcghole transmissivi
85 ST pockimatrix resuits
133 otk ma ; A
209 ) __ Rock matrix result i
40 Shallowest interval, moderate borehole transmissivity
80 ___High borehol transmissivity, fracture at 75' by
s s e m —
30 Shallowest interval, fracture at 21' and 24' bgs
50 Fractures at 44' and 49' bgs
95 Fracture at 94' bgs
118 Inflection in resistivity, temperature
145 Rock matrix results
180 Rock matrix results
Caliper log, inflection in resistivi
MW-18 1 Fracture at 163" bgs
210 220 Deepest interval




TABLE 2-1
‘OU3 RI MONITORING WELLS
Cornell-Diibilier Electronics Superfund Site

‘ South Plainfield, New Jersey
) ™ §afnp|e Interval (ft bgs) | Construction note:
Well 1D FLUTe ™ Well Port # _Top Bottom Ppn/dept’h se,le;tion rationale

RN R
142

Moderate borehole transmissivity, fracture at 93' bgs
125 135 Moderate borehole transmissivity

175 85 Fracture at 177" bgs
205 215 Moderate borehole transmissivity
250 260 Fracture at 257' and 258" bgs

High borehole transmissivity, fractures at 300" and 301' bgs
Fracture at 363' :

e

210 220 Fractures at 213', 215, and 219' bgs
Deepest interval, fracture at 310' bgs

8

1

2 125 135 Caliper log
3

4

Former 1 31 41 Shallowest interval, fracture at 37' bgs
Produdion 2 46 51 Moderate borehole transmissivity, several fractures
well 3 100 110 Moderate borehole transmissivity, fractures at 105' and 106' bgs
4 125 135 Fractures at 127' and 130’ bgs
5 180 190 Fractures at 185, 186', and 187" bgs
6 200 205 Fracture at 202' bgs
7 235 245 Fracture at 238' bgs
8 268 278 Fractures at 269, 270", 273', and 274" bgs
.L 9 300 310 Deépest interval, fractures at 3(_)3_’, 305', and 309’ bgs




TABLE 2-2

DATA SUMMARY AND SELECTION OF CHEMICALS OF CONCERN (COCs)
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

October 2009 Groundwater

March 2010 Groundwater

Combined Data Summary

Frequency of Minimum Maximum Frequency of Minimum Maximum Frequency of Minimum Maximum Chemical
Detection Detected Detected Detection Detected Detected Detection Detected Detected Selected
Concentration | Concentration Concentration | Concentration Concentration | Concentration | as COC?
Chemical (ng/L) (ng/L) (ne/L) (ng/L) (ng/L) (ng/L) [Y/N]
Volatile Organic Compounds
1,1,1-Trichloroethane 9 /128 0.27 0.92 11 / 128 0.17 1.0 20 / 256 0.17 1.0 N
1,1,2-Trichloro-1,2,2-trifluoroethane 1/ 128 1.2 1.2 2/ 128 1.3 2.2 3 /256 1.2 2.2 N
1,1,2-Trichloroethane 3 /128 0.46 1.8 23 / 128 0.27 120 26 / 256 0.27 120 Y
1,1-Dichloroethane 20 / 128 0.29 1.6 42 / 128 0.11 26 62 / 256 0.11 26 N
1,1-Dichloroethene 22 / 128 0.96 13 59 / 128 0.53 280 81 / 256 0,53 280 Y
1,2,3-Trichlorobenzene 10 / 127 0.53 84 26 / 126 0.12 280 36 / 253 0.12 280 N
1,2,4-Trichlorobenzene 16 / 127 0.39 340 28 / 126 0.10 1,600 44 / 253 0.10 1,600 Y
1,2-Dibromo-3-chloropropane 1/ 128 0.39 0.39 8 /127 0.04 0.18 9 / 255 0.04 0.39 Y
1,2-Dibromoethane 0/ 128 -- = 1/ 128 0.01 0.01 1/ 256 0.01 0.01 N
1,2-Dichlorobenzene 4 /127 0.57 3.7 21 / 126 0.15 56 25 / 253 0.15 56 N
1,2-Dichloroethane 6 /128 0.46 0.79 21 / 128 0.22 15 27 [ 256 0.22 15 ¥
1,3-Dichlorobenzene 8 / 127 0.24 29 24 [/ 126 0.02 120 32 / 253 0.02 120 N
1,4-Dichlorobenzene 9 /127 0.62 44 25 / 126 0.25 110 34 / 253 0.25 110 Y
2-Butanone 12 / 128 3.0 39 2 /124 1.8 4.8 14 / 252 1.8 39 N
Acetone 26 / 128 2.9 530 22 / 126 0.82 78 48 / 254 0.82 530 N
Benzene 6 / 128 0.28 1.8 25 / 128 0.14 24 31 / 256 0.14 24 Y
Bromodichloromethane 17 / 128 0.28 1.7 4 /127 0.25 0.48 21 / 255 0.25 i 7 Y
Bromoform 14 / 127 0.55 2.0 5 /126 0.37 2.9 19 / 253 0.37 2.9 N
Carbon tetrachloride 3 /128 0.36 0.46 6 /128 0.25 0.72 9 / 256 0.25 0.72 N
Chlorobenzene 9 /128 0.26 65 22 / 128 0.21 54 31 / 256 0.21 65 Y
Chloroform 37 / 128 0.48 150 53 / 128 0.26 19 90 / 256 0.26 150 4
Chloromethane 0/ 128 -- 2 /128 0.62 1.3 2 / 256 0.62 1.3 N
cis-1,2-Dichloroethene 105 / 128 0.27 390,000 102 / 128 U235 53,000 207 / 256 0.25 390,000 Y
Cyclohexane 2 /128 2.2 2.3 9 /128 0.23 13 11 / 256 0.23 13 N
Dibromochloromethane 11 / 128 0.26 0.61 7 /128 0.21 1.2 18 / 256 0.21 1.2 Y
Ethylbenzene 0/ 128 - - 5 /128 0.43 20 5 / 256 0.43 20 N
Isopropylbenzene (cumene) 0 /128 -- -- 3 /128 0.20 Ll 3 / 256 0.20 5l N
m,p-Xylene 0/ 128 - - 5 /128 0.41 15 5 / 256 0.41 15 N
Methyl acetate 1/ 128 3.4 3.4 0 /128 - - 1/ 256 3.4 3.4 N
Methyl tert-butyl ether 45 / 128 0.33 330 56 / 128 0.15 320 101 / 256 0.15 330 ¥
Methylcyclohexane 0/ 128 - -- 11 / 127 0.14 42 11 / 255 0.14 42 N
Methylene chloride 1/ 128 1.4 1.4 20 / 128 0.23 7.0 21 / 256 0.23 7.0 Y
o-Xylene 1/ 128 0.33 0.33 7 /128 0.99 85 8 / 256 0.33 85 N
Tetrachloroethene 37 / 128 0.26 1,600 69 / 128 0.12 110 106 / 256 0.12 1,600 b
Toluene 60 / 128 0.16 78 71 / 128 0.13 86 131 / 256 0.13 86 N
trans-1,2-Dichloroethene 26 / 128 0.29 1,000 58 / 128 0.11 1,300 84 / 256 0.11 1,300 Y
Trichloroethene 115 / 128 0.29 170,000 106 / 128 0.28 23,000 221 / 256 0.28 170,000 Y
Trichlorofluoromethane 1/ 128 0.55 0.55 3 /128 0.30 1.1 4 / 256 0.30 1.1 N
Vinyl chloride 25 / 128 0.71 710 39 / 128 0.36 860 64 / 256 0.36 860 Y
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TABLE 2-2

DATA SUMMARY AND SELECTION OF CHEMICALS OF CONCERN (COCs)
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

October 2009 Groundwater March 2010 Groundwater Combined Data Summary
Frequency of Minimum Maximum Frequency of Minimum Maximum Frequency of Minimum Maximum Chemical
Detection Detected Detected Detection Detected Detected Detection Detected Detected Selected
Concentration | Concentration Concentration | Concentration Concentration | Concentration as COC?
Chemical (ng/L) (ug/L) (ng/L) (ng/L) (1e/L) (ng/L) [Y/N]
Semi-Volatile Organic Compounds
1,1'-Biphenyl 1/ 129 17 17 3/ 128 1.1 2:3 4 [/ 257 11 17 N
1,2,4,5-Tetrachlorobenzene 1/ 129 3.5 3.5 0/ 128 -- - 1/ 257 3.5 3.5 N
2,4-Dichlorophenol 1/ 129 53 5.3 0/ 128 - -- 1/ 257 5.3 5.3 N
2-Chlorophenol 1/ 128 2.6 2.6 0/ 128 -- - 1/ 256 2.6 2.6 N
2-Methylnaphthalene 2 /129 0.18 2.2 4 /128 0.12 0.27 6 / 257 0.12 20 N
Acenaphthene 2 /129 0.28 0.39 3 /128 0.13 0.34 5 / 257 0.13 0.39 N
Acetophenone 0/ 129 - - 2 /128 1.6 2.8 2 .} 257 1.6 2.8 N
Anthracene 0/ 129 -- - 2 /128 0.12 0.49 2 [ 257 0.12 0.49 N
Benzaldehyde 2 | 128 4.2 7.2 0/ 128 -- -- 2 / 256 4.2 7.2 N
Benzo(a)anthracene 0/ 129 - 3 /128 0.08 17 3 / 257 0.08 1.7 Y
Benzo(a)pyrene 5/ 129 0.14 4.3 3 /128 0.20 2.5 8 / 257 0.14 43 Y
Benzo(b)fluoranthene 2 /128 2:1 3.0 8 / 128 0.08 2.1 10 / 256 0.08 3.0 Y:
Benzo(g,h,i)perylene 2 /128 2.1 2.6 11 / 128 0.09 2.4 13 / 256 0.09 2.6 N
Benzo(k)fluoranthene 3 /129 1.3 3.5 7 /128 0.09 2.0 10i / 257 0.09 3.5 Y
Bis(2-ethylhexyl)phthalate 25 / 129 2.1 26 5/ 128 1.2 3.7 30 / 257 1.2 26 ¥
Caprolactam 34 / 129 2.0 95 1/ 128 2.5 2.5 35 / 257 2.0 95 N
Carbazole 0 / 159 - - 1/ 128 0.54 0.54 1/ 287 0.54 0.54 N
Chrysene 0 / 159 - - 4 / 128 0.09 1.7 4 / 287 0.09 1.7 N
Dibenzo(a,h)anthracene 0 /127 - 31 /128 0.07 5,5 31 [ 255 0.07 5.5 if
Diethylphthalate 1/ 129 41 41 1/ 128 1.7 1.7 2 / 257 1.7 41 N
Dimethylphthalate 1/ 129 13 11 0/ 128 - - 1/ 257 11 11 N
Fluoranthene 0/ 129 - - 3 /128 0.38 2.9 3 / 257 0.38 2.9 N
Fluorene 1/ 129 0.56 0.56 2 /128 0.17 0.29 3 / 257 0.17 0.56 N
Indeno(1,2,3-cd)pyrene 1/ 128 2.8 2.8 59 / 128 0.08 3.1 60 / 256 0.08 3.1 ) §
Naphthalene 26 / 129 0.08 14 37 /128 0.08 6.5 63 / 257 0.08 14 N
Pentachlorophenol 0/ 129 -- - 2/ 66 0.08 0.09 2 /195 0.08 0.09 N
Phenanthrene 0/ 129 -- -- 3 /128 0.13 1.5 3 / 257 0.13 1.5 N
Phenol 2 ;128 2.4 3.0 4 / 128 1.8 4.3 6 / 256 1.8 4.3 N
Pyrene 1/ 129 0.91 0.91 3 /128 0.31 2.3 4 [ 257 0.31 23 N
Polychlorinated Biphenyls
Aroclor-1016 1/ 129 0.13 0.13 15 / 128 0.06 30 16 / 257 0.06 30 ¥
Aroclor-1248 21 [ 122 0.12 7,300 0/ 128 -- - 21 / 250 0.12 7,300 Y
Aroclor-1254 33 /127 0.06 5,600 38 / 128 0.03 190 71 / 255 0.03 5,600 Y
Pesticides
4,4'-DDD 15 /72 0.09 1,800 0/0 - - 15 / 72 0.09 1,800 T
4,4'-DDE 1t /129 0.09 1,600 6 /125 0.10 260 17 / 254 0.09 1,600 i1
4,4'-DDT 22 / 129 0.13 4,000 4 /124 12 840 26 / 253 0.13 4,000 Y
alpha-BHC 5/ 129 0.12 0.33 8 / 128 0.09 68 18 / 257 0.09 68 Y
beta-BHC 9 /129 0.06 680 0 /128 -- -- 9 / 257 0.06 680 Y
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TABLE 2-2

DATA SUMMARY AND SELECTION OF CHEMICALS OF CONCERN (COCs)
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

October 2009 Groundwater March 2010 Groundwater Combined Data Summary
Frequency of Minimum Maximum Frequency of Minimum Maximum Frequency of Minimum Maximum Chemical
Detection Detected Detected Detection Detected Detected Detection Detected Detected Selected
Concentration | Concentration Concentration | Concentration Concentration | Concentration as CoC?
Chemical (ue/L) (mg/L) (ne/L) (ue/L) (ue/L) (e/L) [Y/N]
delta-BHC 5/ 70 0.18 880 0/ 128 - - 5/ 198 0.18 880 N
Dieldrin 2 /128 0.18 0.33 6 / 125 0.19 350 8 / 253 0.18 350 Y
Endosulfan Il 0/ 129 - -- 7 / 128 0.17 240 7 [ 257 0.17 240 i f
Endosulfan sulfate 0/ 129 -- 7 } 128 0.08 75 7 | 257 0.08 75 i
Endrin 0/ 129 - - 1/ 124 0.19 0.19 1/ 253 0.19 0.19 N
Endrin aldehyde 0/ 129 -- -- 6/ 128 0.11 150 6 f 257 033 150 N
gamma-BHC (Lindane) 0 /129 - -- 6 /128 0.07 14 6 / 257 0.07 14 N
lgamma-Chlordane 0/ 129 - -- 13 / 128 0.06 370 13 | 257 0.06 370 ) §
Heptachlor 10 / 129 0.06 300 6 / 128 0.37 120 16 / 257 0.06 300 ¥
Heptachlor epoxide 2 /129 0.20 2.6 0/ 128 -- 2 | 257 0.20 2.6 i f
Methoxychlor 0 /129 - - 5 /128 0.22 400 S {257 0.22 400 Y
Inorganic Chemicals
Aluminum 41 / 128 27 6,210 34 / 128 71 2,710 75 / 256 27 6,210 Y
Antimony 4 /129 2.0 3.2 1/ 128 3.5 3.5 5 f 257 2.0 3.5 N
Arsenic 129 / 129 0.87 829 128 / 128 0.68 428 257 | 257 0.68 829 I §
Barium 128 / 129 12 8,790 128 / 128 3.7 8,330 256 / 257 8.7 8,790 ¥
Beryllium 3 /129 0.069 0.20 2 /128 0.23 0.45 5 Jf 257 0.069 0.45 N
Cadmium 16 / 129 0.04 4.6 8 /128 0.30 17 24 [ 257 0.04 17 Y
Calcium * 129 / 129 29,500 586,000 128 / 128 34,500 597,000 257 f 257 29,500 597,000 N
Chromium 44 / 129 0.11 78 53 / 128 0.36 97 97 / 257 0.11 97 Y
Cobalt 40 / 129 0.044 4.6 30 / 128 0.20 6.6 70 / 257 0.04 6.6 N
Copper 85 /128 0.36 123 100 / 128 0.57 62 185 / 256 0.36 123 N
Cyanide 19 / 129 1.0 25 0/ 128 - -- 19 / 257 1.0 25 N
Iron 37 / 129 337 8,520 32 f 128 47 8,300 69 / 257 33.7 8,520 X
Lead 110 / 129 0.71 21 124 / 128 0.25 33 234 [ 257 0.25 38 Y
Magnesium * 129 / 129 1,160 130,000 128 / 128 4,210 135,000 257 / 257 1,160 135,000 N
Manganese 119 / 129 0.18 1,580 119 / 128 0.29 2,020 238 / 257 0.18 2,020  §
Mercury 0/ 129 - - 18 / 128 0.05 0.12 18 / 257 0.05 0.12 N
Nickel 95 / 110 0.72 13 95 / 128 0.21 18 190 / 238 0.21 18 N
Potassium * 95 / 129 791 26,700 66 / 128 1,660 27,800 161 / 257 791 27,800 N
Selenium 37 / 129 0.16 1.1 4 /128 0.97 2.2 41 / 257 0.16 2.2 N
Silver 12 / 129 0.02 0.12 0/ 128 -- - 12 f 257 0.02 0.12 N
Sodium * 129 / 129 8,750 184,000 128 / 128 8,450 691,000 257 ) 257 8,450 691,000 N
Vanadium 87 / 129 5.3 23 121 / 128 1.3 30 208 / 257 1.3 30 N
Zinc 129 / 129 6.2 125 128 / 128 2.5 187 257 /| 257 25 187 N
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CHEMICAL-SPECIFIC ARARs
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

Title Citation | Description | ARAR or TBC | Comments
Federal
Safe Drinking Water Act 40 CFR Part 141 Drinking water standards, expressed as ARAR Contaminant concentrations
maximum contaminant levels (MCLs), which exceeding MCLs in drinking water
apply to specific contaminants that have may warrant corrective actions.
been determined to have an adverse impact
on human health.

EPA Regional Screening Levels |http://www.epa.gov/re |Provides concentrations for compounds and TBC May be used to screen contaminant
g3hwmd/risk/human/rb{analytes based on their most recent risk concentrations to decide whether
concentration_table/Ge |assessment data. additional action is warranted.
neric_Tables/pdf/maste
r_sl_table_run_NOVEM
BER2010.pdf

State of New Jersey
New Jersey Drinking Water NJAC 7:10-16 Rules that are promulgated to implement ARAR Contaminant concentrations
Quality Act MCLs New Jersey's Safe Drinking Water Program. exceeding MCLs in drinking water
Standards are expressed as MCLs. may warrant corrective actions.
New Jersey Groundwater NJAC 7:9-16 The Ground Water Quality Standards ARAR Contaminant concentrations

Quality Criteria

(GWAQS) establish the designated uses of the
State's groundwaters, classify groundwaters
based on those uses, and specify the water
quality criteria to attain those designated
uses. The ground water quality criteria are
numerical values assigned to each
constituent (pollutant) discharged to ground
waters of the State. Ground water is
classified according to its hydrogeologic
characteristics and designated uses.

exceeding MCLs in groundwater may
warrant corrective actions.
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PRELIMINARY GROUNDWATER NUMERICAL GOALS
Cornell-Dubilier Electronics Superfund Site

TABLE 3-2

South Plainfield, New Jersey

. - . e Preliminary
) NJDEP GW Quality NIDEP PQL Modified GW Quality Federal NJDEP Drinking Water .
Chemical of Concern CASNO-  Criteria (ug/l)  (vg/U) Criteria (ug/L)  MCLs (ug/L) MCLs (ug/t) Re'"e'(’:‘ltl":)" Goal

Volatile Organic.Compournds: R . : B i e
1,1,2-Trichloroethane 79-00-5 3 2 3 5 3 3
1,1-Dichloroethene 75-35-4 1 1 1 7 2 1
1,2,4-Trichlorobenzene 120-82-1 9 1 9 70 9 S
1,2-Dibromo-3-chloropropane 96-12-8 0.02 0.02 0.02 0.2 0.2 0.02
1,2-Dichloroethane 107-06-2 0.3 2 2 S 2 2
1.4-Dichlorobenzene 106-46-7 75 5 75 75 75 75
Benzene 71-43-2 0.2 1 1 5 1 1
Bromodichloromethane 75-27-4 0.6 1 1 80 NA 1
Chlorobenzene 108-30-7 50 1 50 100 50 50
Chloroform 67-66-3 70 1 70 80 NA 70
cis-1,2-Dichloroethene 156-59-2 70 1 70 70 70 70
Dibromochioromethane 124-48-1 04 1 1 80 NA 1
Methyl tert-buty! ether 1634-04-4 70 1 70 NA 70 70
Methylene chloride 75-09-2 3 1 3 5 3 3
Tetrachloroethene 127-18-4 0.4 1 1 5 1 1
trans-1,2-Dichloroethene 156-60-5 100 1 100 100 100 100
Trichloroethene 79-01-6 1 1 1 5 1 1
Vinyl chioride 75-01-4 0.08 1 1 2 2 1

emi-Volatile Organic Compounds , . - ] BRI
Benzo(a)anthracene 56-55-3 0.05 0.1 0.1 NA NA 0.1
Benzo(a)pyrene 50-32-8 0.005 0.1 0.1 0.2 0.2 0.1
Benzo(b)fluoranthene 205-99-2 0.05 0.2 0.2 NA NA 0.2
Benzo{k)fluoranthene 207-08-9 0.5 0.3 05 NA NA 0.5
bis(2-Ethylhexyl)phthalate 117-81-7 2 3 3 6 6 3
Dibenzo(a,h)anthracene 53-70-3 0.005 0.3 03 NA NA 03
Indeno(1,2,3-cd)pyrene 193-39-5 0.05 0.2 0.2 NA NA 0.2
Polychlofinated Biphenyls and.Dioxins - N . :
Aroclor 1016** 12674-11-2 0.02 0.5 0.5 0.5 0.5 0.5
Aroclor 1248** 12672-29-6 0.02 0.5 0.5 0.5 0.5 0.5
Aroclor 1254™* 11097-69-1 0.02 0.5 05 0.5 (¢33 0.5
2,3,7,8-TCDD Toxic Equivalence (TEQ) 1746-01-6 0.0000002 0.00001 0.00001 0.00003 0.00003 0.00001
4,4-DDD 72-54-8 0.1 0.02 0.1 NA NA 01
4.4'-DDE 72-55-9 0.1 0.01 0.1 NA NA 0.1
4,4'-DDT 50-29-3 0.1 0.1 0.1 NA NA 01
alpha-BHC 319-84-6 0.006 0.02 0.02 NA NA 0.02
beta-BHC 319-85-7 0.02 0.04 0.04 NA NA 0.04
Dieldrin 60-57-1 0.002 0.03 0.03 NA NA 0.03
Endosulfan Il 33213-65-9 40 0.04 40 NA NA 40
Endosulfan sulfate 1031-07-8 40 0.02 40 NA NA 40
gamma-BHC 58-89-9 0.03 0.02 0.03 0.2 0.2 0.03
gamma-Chlordane” 5103-74-2 0.01 0.5 0.5 2 05 Q0.5
Heptachlor 76-44-8 0.008 0.05 0.05 0.4 04 0.05
Heptachlor epoxide 1024-57-3 0.004 0.2 0.2 0.2 0.2 0.2
EMe(hoxychlor 72-43-5 40 0.1 40 40 40 40
|inorganies - - N .- i
Aluminum 7429-90-5 200 30 200 50-200 200 50
Arsenic 7440-38-2 0.02 3 3 10 5 3
|Barium 7440-39-3 6,000 200 6,000 2,000 2,000 2,000
Cadmium 7440-43-9 4 0.5 4 5 5 4
Chromium 7440-47-3 70 1 70 100 100 70
Iron 7439-89-6 300 20 300 300 300 300
Lead 7439-92-1 5 5 5 15 NA 5
|Manganese 7435-96-5 50 0.4 50 50 50 50

*Standards for gamma-Chlordane come from "Total" Chlordane standard that includes alpha- and gamma-Chlordane
**Aroclor standards are for "Total" PCB Aroclors which include all PCB Aroclors




TABLE !-!

LOCATION-SPECIFIC ARARs
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

Title Citation Description | ARAR or TBC | Comments
Federal
Executive Order 11988 - Floodplain 40 CFR 6, Subpart A; 40 CFR  {Activities taking place within floodplains must be performed TBC Pertinent to activities that may
Management 6.302 to avoid adverse impacts and preserve beneficial values occur within the floodplain.
Executive Order 11990 - Protection of (40 CFR 6, Subpart A Activities performed within wetlands areas must be done to TBC Would be applicable to
Wetlands avoid adverse impacts remediation activities impacting
jurisdictional wetlands.
Policy on Flooodplains and Wetlands |OSWER 9280.0-02 Guidance for implementing executive orders 11988 and TBC Executive order implementation
Assessments for CERCLA Actions 11990. guidance.
Wetlands Protection at CERCLA site  |OSWER 9280.0-03 Guidance document to be used to evaluate impacts to TBC Requirements should be
wetlands at Superfund sites considered when evaluting
impacts to jurisdictional
wetlands.
National Historic Preservation Act 16 CFR 470 Established requirements for the identification and ARAR Would be applicable to the
preservation of historic and cultural resources. management of historic or
archaeological artifacts identified
on the Site.
Endangered Species Act and Fish and |16 CFR 661 and 16 U.S.C. Actions must be taken to conserve critical habitat in areas ARAR Requirements would be
Wildlife Coordination Act 1531 where there are endangered or threatened species. applicable if endangered or
threatened species are identifed
on or adjacent to the Site.
Resource Conservation and Recovery |40 CFR 264.18 Regulates the design, construction, operation and ARAR Applicable for on-site treatment,
Act (RCRA) Regulations - Location maintenance of hazardous waste management facilities storage or disposal of hazardous
Standards within the 100-year floodplain. waste.
State of New Jersey
Flood Hazard Area Regulations NJAC7:13 Regulates the placement of fill, grading, excavation and ARAR Applicable for Site activities
other disturbances within the defined flood hazard occurring within the flood hazard
area/floodplain of rivers/streams. area or floodplain of on-site
rivers/streams.
Freshwater Wetlands Protection Act |[NJAC 7:7A Regulates the disturbance or alteration of freshwater ARAR Applicable for Site activities
Rules wetlands and their respective buffers. disturbing freshwater wetlands
and buffer areas.
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TABLE l-l

ACTION-SPECIFIC ARARs

Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

Action ] Title Citation ] Description | ARAR or TBC | Comments
Federal
Generation, Identification and Listing of 40 CFR 261 Outlines criteria for determining if a solid waste is a ARAR These regulations could apply for
Management, and |Hazardous Wastes hazardous waste and is subject to regulation under 40 CFR off-site disposal of contaminated
Treatment of Parts 260 to 266. groundwater or by-products of
Hazardous Waste treatment.

Hazardous Waste Determination 40 CFR 262.11 Generators must characterize their wastes to determine if ARAR These regulations could apply for
the waste is hazardous by listing (40 CFR 261, Subpart D) off-site disposal of contaminated
by characteristic {40 CFR 261, Subpart C) or excluded from groundwater or by-products of
regulation (40 CFR 261.4) treatment.

Manifesting 40 CFR 262, Subpart B |Generators must prepare a Hazardous Waste Manifest ARAR Would apply to all off-site
(EPA form 8700-22) for all off-site shipments of hazardous shipments of hazardous waste.
waste to disposal and/or treatment facilities.

Recordkeeping 40 CFR 262.40 Generators must retain copies of all hazardous waste ARAR Generator must retain copies of
manifests used for off-site disposal. waste manifests for a minimum

period of three years after
shipment date.

Labeling and Marking 40 CFR 262 Subpart C |Specifies EPA marking, labeling and container ARAR Pre-transportation requirements
requirements for off-site disposal of hazardous waste. for off-site shipments of

hazardous wastes.

Accumulation Limitations 40 CFR Part 262.34 Allows generators of hazardous waste to store and treat ARAR Hazardous waste may be stored
hazardous waste at the generation site for up to 90 days in for up to 90 days on-site without
tanks, containers, and containment buildings without the need to meet storage permit
having to obtain a RCRA hazardous waste permit. substantive requirements.

RCRA - Treatment, Storage and 40CFR 264/265 Specifies requirements for the operation of hazardous ARAR Applicable for on-site hazardous

Disposal of Hazardous Waste waste treatment, storage, and disposal facilities. waste treatment, storage, and

disposal activities.
Transport of USDOT Hazardous Materials 49 CFR 171-180 Established classification, packaging, and labeling ARAR Applicable for the preparation of
Hazardous Waste Transportation Regulations requirements for shipments of hazardous materials. hazardous materials generated
on-site for off-site shipment.
Air Emissions from a |National Ambient Air Quality 40 CFR Part 50 Establishes ambient air quality standards for protection of ARAR May be applicable in evaluating
Point Source Standards public health. air impacts during remedial
activities.
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TABLE 3-4
ACTION-SPECIFIC ARARs
-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

Action

| Title

| Citation

| Description

| ARAR or TBC|

Comments

Federal

New Source Review and Prevention
of Significant Deterioration
Requirements

40 CFR Part 52

New sources or modifications which emit greater than
defined thresholds for listed pollutants must perform
ambient impact analyses and install controls which meet
best available control technology (BACT)

ARAR

Potentially applicable for certain
remediation technologies and
would require a comparison of
potential emissions to the
emission thresholds.

National Emissions Standards for 40 CFR Part 61; 40 CFR |Source-specific regulations which establish emissions ARAR Potentially applicable if

Hazardous Air Pollutants (NESHAP) Part 63 standards for hazardous air pollutants emissions from remediation
activities exceed thresholds for
compliance.

New Source Performance Standards |40 CFR Part 6 Source-specific regulations which establish testing, control ARAR NSPS could be relevant and
monitoring and reporting requirements for new emissions appropriate if regulated new
sources. sources of air emissions were to

be established on site.

Land Disposal of RCRA Subtitle C 40 CFR Section 6901  |Restricts land disposal of hazardous wastes that exceed ARAR Potentially applicable if

Hazardous Waste specific criteria. Establishes Universal Treatment hazardous residuals are

Land Disposal Restrictions 40 CFR Part 268 Standards to which hazardous waste must be treated prior generated from groundwater
to disposal. treatment.

|Discharges to Clean Water Act Effluent Guidelines |40 CFR Part 401 and 40|Both on- and off-site dishcarges from CERCLA sites to ARAR Applicable for discharges of

Surface Water and Standards; National Pollutant CFR Parts 122-125 surface waters are required to meet the substantive Clean groundwater to surface water

Discharge Elimination System Water Act limitations, monitoring requirements, and best bodies.

(NPDES) Program management practices. NPDES permits are required to
discharge treated water to a surface water.

State of New Jersey

Generation, Hazardous Waste Management NJAC 7:26G Requirements for the generation, accumulation, on-site ARAR Applicable for on-site

Management, and |Regulations management, and transportation of hazardous waste. management of hazardous

Treatment of waste.

Hazardous Waste

Treatment Works Approvals NJAC 7:14A-22 Design and construction standards for watewater ARAR Applicable for on-site treatment
treatment systems. of groundwater.

Site Work Soil Erosion and Sediment Control Act|NJSA 4:24 Requires the implementation of soil erosion and sediment ARAR Applicable for site activities
contral measures for activities disturbing over 5,000 involving excavation, grading, or
square feet of land area. other soil disturbance activities.

Air Emissions from a |Air Quality Regulations NJAC 7:27 Requirements applicable to air pollution sources. ARAR Applicable to the generation and

Point Source emission of air pollutants.

General Site Technical Requirements for Site NJAC 7:26E Requirements for conducting site investigation and TBC Applicable for Site activities

Investigationa and  |Remediation remediation in the state of New Jersey. disturbing freshwater wetlands

Remediation and buffer areas.
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TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Brief Description Screening Action Screening Comments
Response Class Retain | Reject
Action
No Action None Not applicable No action X Retain as baseline alternative
Institutional | Administrative | Groundwater use Restrictions placed on X Technically feasible. Public water
Controls Restrictions restrictions installation of new supply wells maintained by
supply wells and usage Middlesex Water Company (Spring
of existing Lake Water Supply Wells) reportedly
groundwater supply have not been used for water supply
wells. May be since the early 2000s.
accomplished through
a groundwater
Classification
Exception Area
through NJDEP
Monitored Natural Groundwater monitoring | Establish a monitoring X Technically feasible. Natural
Natural Attenuation via | with analysis of biological | network and monitor attenuation of TCE via
Attenuation | Dilution, and chemical indicators contaminant biodegradation is evident based on
Adsorption, of attenuation processes | concentrations and presence of cis-1,2-DCE in on-site
Dispersion, indicators of and off-site wells. However,

Biodegradation

attenuation processes

additional information is required to
determine if biodegradation
processes are completely
mineralizing TCE in groundwater.
PCBs, SVOCs, pesticides and
dioxins/furans are not as amenable
to natural attenuation via
biodegradation. Inorganics also do
not degrade biologically.




TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Brief Description Screening Action Screening Comments
Response Class Retain | Reject
Action
In Situ Thermal Steam Enhanced Combination of steam X Potentially technically feasible if
Treatment Treatment Extraction (SEE) injection and vacuum combined with other thermal
extraction treatment technology. Rock
porosity and matrix diffusion limit
the rate at which contaminants can
be removed by vaporization.
Hydraulic and pneumatic control,
essential to successful steam
injection and extraction, are difficult
in fractured environment. Steam
entering fractures typically gives up
heat fairly quickly; large heat losses
along fractures lead to rapid
condensation and short travel
distances of steam, limiting
treatment effectiveness. However,
this is the cheapest form of thermal
treatment and may provide benefits
if combined with other thermal
technology.
Electrical Resistance Uses application of 3- X Potentially technically feasible for
Heating (ERH) or 6-phase electrical organic contaminants. Does not rely
power and resistivity on fluid movement to deliver heat.
of soil particles to heat
subsurface
Dynamic Underground Steam and oxygen are X Combination of SEE (presumably will
Stripping (DUS) / injected in paired flow preferentially through
Hydrous Pyrolysis wells below the water fractures), ERH (to heat up the rock
Oxidation (HPO) table to build a matrix), and injection of oxygen to

Z




TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology
Class

Process Option

Brief Description

Screening Comments

heated, oxygenated
zone at the periphery
of the contaminated
area to drive
contaminants to
centrally located
extraction wells.
Electrical energy
applied to less
permeable strata.

oxidize contaminants. Only known
vendor is no longer in business. No
case studies for fractured rock.

Thermal Conduction
Heating (TCH), also
known as In Situ Thermal
Desorption (ISTD)

Install heater wells
that have operating
temperatures as high
as 800°C and extract
vapor.

Potentially technically feasible for
organic contaminants. Not as
sensitive to geological
heterogeneities and to electrical
conductivity as other technologies. .

Biological
Treatment

Enhanced Reductive
Dechlorination
(biostimulation only)

Injection of carbon
substrate to promote
anaerobic conditions
and foster growth of
dechlorinating
bacteria.

Potentially technically feasible
primarily for chlorinated ethenes.
Naturally occurring biodegradation
evident at several on-site
monitoring locations. This
technology has been used in
fractured rock to treat chlorinated
solvents.

Enhanced Reductive
Dechlorination
(biostimulation and
bioaugmentation)

Injection of a
microbial culture
known to perform
complete
dechlorination of
targeted compounds

Screening Action
Retain | Reject
X
X
X

Potentially technically feasible
primarily for chlorinated ethenes.
This technology has been used in
fractured rock to treat chlorinated
solvents.
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TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Brief Description Screening Action Screening Comments
Class Retain | Reject
In Situ Permanganate Injection of sodium X Potentially technically feasible
Chemical permanganate or primarily for chlorinated ethenes.
Oxidation potassium Permanganate has the potential for
permanganate. density-driven diffusion into rock to
treat contaminants in rock pore
water.
Catalyzed hydrogen Injection of hydrogen X Not technically feasible. Difficult to
peroxide (CHP) peroxide and a catalyze the hydrogen peroxide in
catalyst (typically fractured rock environment since
ferrous sulfate) to catalyst and peroxide injected
produce hydroxyl free separately. CHP is too short-lived to
radicals. diffuse into rock matrix or reach
dead-end fractures.
Activated persulfate Injection of persulfate X Potentially technically feasible.
into subsurface. The Persulfate typically activated prior to
persulfate is activated injection. It is more long-lived than
via addition of a base, CHP, but less than permanganate.
addition of a ferrous
salt, or addition of
heat to produce the
sulfate free radical.
Permeable Zero-Valent Iron Emplace zero-valent X Not technically feasible. Not
Reactive iron into the aquifer feasible to emplace stationary
Barriers perpendicular to vertical barrier composed of reactive
groundwater flow media in deep fractured rock. Many
pathways for groundwater that
might circumvent the iron.
Nano-Scale Iron Inject nano-scale iron X Not technically feasible. Cannot
into fractures deliver iron to low permeability
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TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY

Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

General
Response
Action

Technology Process Option Brief Description Screening Action Screening Comments
Class Retain | Reject

zones where contaminants reside.
Difficult to ensure that iron stays in
place for a long enough period (i.e.,
does not migrate out of treatment
zone) to treat contamination in
fracture water and contaminant
mass back-diffusing from the matrix.

Enhanced Surfactant Enhanced Inject surfactant X Not technically feasible. Difficult to

Desorption and | Aquifer Remediation solution to solubilize control flow of surfactant and to

Treatment (SEAR) and/or mobilize extract mobilized contaminants in

DNAPL. Typically
followed by a water
flush.

fractured rock geology. Potential for
further mobilizing contamination.

Co-Solvent Flooding Injection and X
extraction of
cosolvents, such as
alcohol, to solubilize
and or mobilize
DNAPL. Similar to
SEAR in design and
implementation.

Not technically feasible. Difficult to
control flow of co-solvents and to
extract mobilized contaminants in
fractured rock geology. Potential for
further mobilizing contamination.

Air sparging Inject air into aquifer X
to gasify contaminants
and mobilize gas
phase from
groundwater to
surface. May need
additional gas phase
treatment at surface.

Not technically feasible. Fractures
create preferential flowpaths for air.
Not effective at removing
contaminants from smaller fractures
or rock matrix.




TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Brief Description Screening Action Screening Comments
Response Class Retain | Reject
Action
Containment | Hydraulic Extraction wells Single or multiple X Technically feasible. Contain
Control vertical wells to groundwater by manipulating the
extract groundwater gradient around site.
using pumps
Interceptor trenches Groundwater X Not technically feasible. Very
collection in a closed, difficult to implement because it
permeable trench requires deep trenching through
from which rock.
groundwater is
extracted using pumps
Vertical barrier | Slurry wall Trench around areas X Not technically feasible for bedrock
of contamination and aquifer
backfill with a low-
permeability soil-
bentonite or cement-
bentonite slurry
Sheet piling Drive steel sheet pile X Not technically feasible for bedrock
around areas of aquifer
contamination
Capping Multimedia cap Low-permeability clay X Not applicable for OU3. Surface
and synthetic recharge is not a significant factor
membrane covered by controlling groundwater movement
soil over areas of at OU3.
contamination to
minimize groundwater
recharge
Asphalt or concrete cap Installation of a layer X The remedial action currently
of asphalt or underway for OU2 already includes
installation of a installation of an asphalt cap over
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TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Brief Description Screening Action Screening Comments
Response Class Retain | Reject
Action
concrete slab over the majority of the former CDE
areas of facility. Therefore, this option is not
contamination to required for OU3.
minimize groundwater
recharge
Ex Situ Biological Aerobic bioreactor Degradation of X Technically feasible for certain
Treatment / | Treatment organics using organics. Chlorinated solvents and
Discharge microorganisms in an PCBs may be biodegraded
aerobic environment aerobically.
Physical Carbon adsorption Adsorption of X Technically feasible. Chlorinated
/Chemical contaminants onto solvents and PCBs as well as
Treatment activated carbon by dioxin/furans, pesticides, and SVOCs
passing water through may be removed by carbon
carbon column adsorption. Arsenic, especially
As(lIl), may also be removed by
carbon adsorption.

Chemical / UV oxidation | Chemical oxidation X Technically feasible. Chlorinated
with or without solvents, PCBs, SVOCs, pesticides,
enhancement with and dioxins/furans may be treated
ultraviolet radiation by chemical / UV oxidation

lon Exchange Water is passed X Technically feasible. Lead and
through a resin bed arsenic (and potentially other
where ions are inorganics) may be removed using
exchanged between ion exchange resins.
resin and water




TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Brief Description Screening Action Screening Comments
Class Retain | Reject
Precipitation / Co- Use of pH adjustment, X Technically feasible. Lead and
Precipitation addition of a chemical arsenic (and potentially other
precipitant, and inorganics) may be removed from
flocculation to alter water via precipitation to form a
chemical equilibria to solid, which is then removed by
reduce solubility of filtration or clarification.
contaminants
Air stripping Aerate water to X Technically feasible only for volatile
induce volatilization of organic compounds. However, may
contaminants in a be used in treatment train in
packed column conjunction with other processes to
treat commingled non-volatile
contaminants.
Filtration (reverse Separation processes X Technically feasible. Filtration may
osmosis, microfiltration, | to remove particles be needed to remove PCBs and
media filtration) from solution pesticides associated with colloid
particles (e.g., as part of a treatment
train, prior to activated carbon
treatment) or to remove
precipitated inorganics.
Off-Site POTW Extracted X Not technically feasible. It is unlikely
Treatment groundwater that POTW will accept water
discharged to local containing high levels of solvents,
POTW for treatment PCBs, pesticides, and SVOCs without
pretreatment.




TABLE 4-1

INITIAL TECHNOLOGY SCREENING FOR TECHNICAL IMPLEMENTABILITY
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Brief Description Screening Action Screening Comments
Class Retain | Reject
RCRA TSDF Extracted X Not technically feasible to transport
groundwater volumes of water likely to be
transported to generated for hydraulic
licensed RCRA facility capture/containment.
for treatment and/or
disposal
Discharge of Discharge to surface Discharge to nearby X Technically feasible if meeting
treated water | water stream (Bound Brook) discharge criteria (water quality and
volume criteria) and NJDEP
discharge permit.
Discharge to POTW Treated water X Technically feasible if treatment
discharged to local attains discharge criteria.
POTW
Infiltration Basin or Treated water X Not technically feasible to construct
Gallery discharged to a basin or gallery at or near the CDE
infiltration basin or facility because bedrock is shallow.
gallery
Deep well injection Injection of treated X Potentially technically feasible.
water at the site via Would need an underground
deep injection wells injection permit from NJDEP.




TABLE 4-2

EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Response Class Cost
Action Retain Reject
No Action None None Not applicable - Not effective in reducing contamination. | - Easily implemented. Low X
- Does not meet RAOs. - Alternative required by NCP.
Institutional Administrative Groundwater use | - Restrictions placed on installation | - Effectiveness depends on continued - Requires NJDEP approval. Low X
Controls Restrictions restrictions and usage of new groundwater implementation. - May be used in conjunction with
wells and usage of existing wells. - Does not reduce contamination. other technologies.
- May be accomplished through a
groundwater Classification
Exception Area through NJDEP
Monitored Natural Groundwater - Establish a monitoring network - Most effective in combination with - Easily implemented. Low capital, X
Natural attenuation via | monitoring with and monitor contaminants source removal / reduction. - May be used as a stand-alone moderate
Attenuation dilution, analysis of concentrations and indicators of - Chlorinated ethenes are more amenable technology, or applied after 0&M
adsorption, biological and attenuation processes to biodegradation than PCBs, pesticides, effectiveness of active treatment
dispersion, chemical SVOCs and dioxins/furans. However, diminishes.
biodegradation | indicators of PCBs, pesticides, SVOCs, and - Typically has a long period of
attenuation dioxins/furans may be attenuated via performance.
processes dispersion, adsorption, and dilution
mechanisms.
- Inorganics do not biodegrade; however,
they may attenuate via dispersion,
adsorption, and dilution.
- Will not meet RAOs in the source area
within a reasonable time frame.
Uncertain whether RAOs will be
achieved in plume area over reasonable
time frame.
In Situ Thermal Steam Enhanced - Uses alternating steam injection - Limited to removal of contaminants in - Has been used at least at one High capital, X
Treatment Treatment Extraction (SEE) and vacuum extraction the fracture water only. fractured rock site with mixed high O&M (potentially in
- Increases vapor pressure and - Most effective for low-boiling-point success. conjunction
volatilization rates of organic compounds. - May be implemented in with other
compounds. Also reduces - Small fracture apertures and infrequent conjunction with TCH or ERH, thermal
viscosity and residual saturation of occurrence of fractures limit achievable especially in portions of OU3 where treatment
SVOCs and non-volatile rate of steam injection. there is a lot of flow (e.g., at technology)
compounds, resulting in greater - Hydraulic and pneumatic control are productive fractures about 70 feet
mobility. difficult in a fracture environment. below ground surface near MW-
- Limited effectiveness for inorganics. 14).
- May enhance chlorinated ethene
biodegradation.




TABLE 4-2

EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Class Cost
Retain Reject
Electrical - Uses application of 3- or 6-phase - ERH is limited by the electrical resistivity | - Would need to do a site-specific High capital, X
Resistance electrical power and resistivity of of the rock. Rock with low porosity, and evaluation to determine acceptable | high O&M
Heating (ERH) soil particles to heat subsurface thus low water content, has higher electrode separations.
- Delivered to the subsurface by electrical resistance. - It is possible to extract fluids from
buried electrodes - Most effective for low-boiling-point ERH heating boreholes. This keeps
- Electrical current flows from each compounds. fluids moving inward towards the
electrode to adjacent out-of-phase | - Limited effectiveness for PCBs, heated zone during operations and
electrodes pesticides, SVOCs, and dioxins/furans, reduces risk of spreading
- Results in generation of steam mainly via removal of carrier fluids (i.e., contaminants.
- Not dependent on fluid transfer solvent NAPL). - Limited case study information for
like steam technologies - Limited effectiveness for inorganics. fractured rock; however, has been
- May enhance chlorinated ethene used at DNAPL sites.
biodegradation.
Thermal - Applies heat by a combination of - Applicable to high boiling point - More easily implementable in low High capital, X
Conduction thermal conduction and vacuum contaminants, including PCBs, to moderate flow systems. high O&M.
Heating (TCH), - Heats soil to temperatures above pesticides, SVOCs, and dioxins/furans — - Limited when dewatering is Costs increase
also known as In boiling point of water but more difficult in saturated areas, difficult. with
Situ Thermal - The dominant removal mechanism because would need to boil off water groundwater
Desorption (ISTD) for VOC DNAPL is vaporization first (i.e., PCBs, pesticides, SVOCs, and dewatering
- In fractured rock systems, boiling dioxins/furans have higher boiling point and
of fluids in the fractures and the than water). treatment.

matrix leads to steam formation,
which sweeps out of the rock
towards locations with low
pressure.

By using each heater boring for
extraction, can minimize spread of
contaminants

- May enhance chlorinated ethene
biodegradation.

- Has been performed in fractured rock
for chlorinated solvents (Heron et al.,
2008).




TABLE 4-2

EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Class Cost
Retain Reject
In Situ Enhanced - Injection of organic substrate, - Effectiveness for treating PCBs, - May be difficult to distribute Moderate X
Bioremediation | Reductive which releases hydrogen (electron pesticides, SVOCs, and dioxins/furans is carbon substrate throughout capital cost
Dechlorination donor) upon fermentation unknown. fracture system and moderate
(biostimulation - Enhances reductive dechlorination | - Not effective for inorganics. - Potential for fouling of injection O&M cost
only) of chlorinated solvents - Mixed results from site microcosm wells.
- Wide variety of carbon substrates studies. Results indicate that certain - Generally applies to dissolved
—soluble substrates (lactate, locations (145-04, 14D-01, 16-05, 16-07) phase (although may enhance
molasses), viscous fluids (HRC®, have bacterial populations that convert desorption / dissolution of NAPL).
vegetable oils), low-viscosity fluids TCE to ethene when stimulated. Other - May be used in combination with
(emulsified vegetable oils), solid locations (14S-01, 145-02) may also other treatment methods as part of
substrates (mulch, compost) contain these populations based on an overall site strategy.
- Facilitates desorption of NAPL via detection of ethene and vinyl chloride at | - May be difficult to distribute
development of steep these monitoring locations. throughout the fracture system.
concentration gradients and - Limitations in microbial populations - Typically requires multiple
release of biosurfactants create the potential for incomplete applications, or injection events
degradation and the buildup of cis-DCE (e.g., quarterly or semi-annually).
or vinyl chloride (e.g., microcosm bottles
from sample ports 145-01, 145-02, 16-
02, 16-03, 16-04, 16-07)
Enhanced - Injection of a microbial culture - May be able to enrich existing - May be difficult to ensure that Moderatecapi X
Reductive (either non-native, or enriched dechlorinating bacteria (e.g., at locations engineered cultures are not tal cost and
Dechlorination native culture) known to perform shown in the microcosm studies to have suppressed by competing native moderate
(biostimulation complete dechlorination of these populations) and reinject. microbial populations, and may be | O&M cost
and targeted compounds - May be able to engineer cultures difficult to distribute the (but higher
bioaugmentation) | - Bioaugmentation may be used at a capable of degrading PCBs, pesticides, engineered culture(s) uniformly cost than

site when the presence of an
appropriate population of
microbial dechlorinators is not
present, or does not exist in
sufficient numbers to achieve
remediation criteria in a
reasonable time frame

Typically performed in concert
with addition of carbon substrate
(i.e., biostimulation)

Facilitates desorption of NAPL via
development of steep
concentration gradients and
release of biosurfactants

SVOCs, and/or dioxins/furans; however,
many compounds in these contaminant
classes are resistant to biological
degradation.

Not effective for treating inorganics.
Effectiveness depends on how well the
bacterial cultures adapt and grow. This
technology has been shown to be
effective at many other sites; however,
experience in fractured bedrock DNAPL
sites is limited.

throughout treatment zone in
fractured rock.

Potential for fouling of injection
wells.

There is an additional cost at the
outset to develop appropriate site-
specific cultures, and time period
for this work is typically 4 to 8
months. However, overall cost
increase is typically not significant
when compared to overall project
costs for biostimulation alone.
May be difficult to distribute
throughout the fracture system.
Typically requires multiple
applications, or injection events
(e.g., quarterly or semi-annually).

biostimulation
alone)




TABLE 4-2

EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Class Cost
Retain Reject
- May be used in combination with
other treatment methods as part of
an overall site strategy.
In Situ Chemical | Permanganate - Injection of sodium permanganate | - Effectiveness is limited by mass transfer | - May be difficult to distribute Medium X
Oxidation (potassium or or potassium permanganate. limitations (i.e., matrix diffusion of permanganate throughout the capital cost
sodium) - Delivery methods include direct contaminants in the rock). However, fracture system. and medium
injection and oxidant recirculation. permanganate has the potential for - Typically requires multiple O&M cost
- Results in direct oxidation of density-driven diffusion into the rock applications, or injection events (cost
organic contaminants. matrix to treat contaminants dissolved (e.g., quarterly or semi-annually). increases
in rock pore water. when multiple
- Rock oxidant demand (ROD) will need to treatments
be determined. If ROD is too high, then are required)
ISCO will not be effective.
- Permanganate is not effective for
oxidizing PCBs, pesticides, most SVOCs,
and dioxins/furans.
- Not effective for inorganics; however,
will oxidize arsenite to arsenate, which is
less toxic.
- Reaction at DNAPL interface may result
in formation of manganese dioxide
‘coating’ around DNAPL particles.
- Recent case studies indicate that this
process option is less effective for
DNAPL sites, especially in fractured rock.
Activated - Involves injection of persulfate - Effectiveness is limited by mass transfer | - May be difficult to distribute Medium X
persulfate into the subsurface. The limitations (i.e., matrix diffusion of persulfate throughout the fracture | capital cost
persulfate would be activated to contaminants in the rock). Persulfate is system. and medium
produce the sulfate free radicals. shorter-lived than permanganate. - Typically requires multiple O&M cost
Persulfate can be activated via Therefore, it may not be as likely to be applications, or injection events (cost
addition of a base, addition of a active over the long time-frames (e.g., quarterly or semi-annually). increases
ferrous salt, or addition of heat. required for diffusion into the rock when multiple
- Results in direct oxidation of matrix as permanganate. treatments
organic contaminants - May treat PCBs, pesticides, certain are required)
- Delivery method is typically direct SVOCs, and dioxins/ furans (only if
injection activated with high pH or heat)
- Not effective for inorganics; however,
will oxidize arsenite to arsenate, which is
less toxic.
- Rock oxidant demand will need to be
determined. If ROD is too high, then
ISCO will not be effective.




TABLE 4-2

EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Response Class Cost
Action Retain Reject
- There are very few (if any) case studies
of persulfate application in fractured
rock, so anticipated performance would
need to be extrapolated from case
studies of activated persulfate in porous
media, and/or case studies of other
oxidants in fractured rock.
- Recent case studies indicate that this
process option is less effective for
DNAPL sites, especially in fractured rock.
Containment Hydraulic Extraction Wells - Single or multiple vertical wells to | - Most effective for homogenous aquifers | - Will need to be implemented in Moderate to X
Control extract groundwater using pumps. with moderate transmissivity and conjunction with a treatment high capital
dissolved, mobile compounds; but has system for the groundwater thatis | cost (including
been applied successfully in fractured captured. ex situ
rock settings. - Long-term operation required. treatment
- Effectiveness depends on optimizing components).
extract well placement and groundwater Moderate to
extraction rates. high O&M
- Goal is to reduce contaminant cost which
migration. depends on
complexity of
treatment
train and cost
of discharge
options.
Ex Situ Biological Aerobic - Degradation of organics using - Cis-DCE and vinyl chloride may be - May need to be performed in Moderate X
Treatment / Treatment Bioreactor microorganisms in an aerobic degraded aerobically. conjunction with anaerobic capital cost. (as part of
Discharge environment. - Lower molecular weight PCBs, SVOCs treatment as the first step. Moderate to treatment
- Can use fixed film bioreactors and dioxins/furans may be degraded - Will likely require significant up- high O&M train)
(bacteria are attached to a solid aerobically. front effort for a pilot study to costs.
support medium) or suspended - Not effective for inorganic optimize design parameters.
growth reactors. contaminants. - Potentially more rigorous O&M as
compared to physical /chemical
options, since microbes are more
susceptible to fluctuations in
influent water chemistry and
contaminant concentrations.
Anaerobic - Degradation of organics using - Anaerobic dechlorination of PCBs and - May need to be performed in Moderate X
Bioreactor microorganisms in an anaerobic certain dioxins/furans removes chlorines conjunction with aerobic treatment | capital cost. (as part of
environment. from highly chlorinated congeners, and as the second step. Moderate to treatment
- Can use fixed film bioreactors thus reduces their toxicity and increases | - Will likely require significant up- high O&M train)
(bacteria are attached to a solid their aerobic biodegradability. front effort for a pilot study to costs.




TABLE 4-2

EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Class Cost
Retain Reject
support medium) or suspended - PCE and TCE are dechlorinated most optimize design parameters.
growth reactors. effectively under anaerobic conditions. - Potentially more rigorous O&M as
- Not effective for inorganic compared to physical /chemical
contaminants. options, since microbes are more
susceptible to fluctuations in
influent water chemistry and
contaminant concentrations.
Physical / Carbon - Adsorption of contaminants onto - Most effective when treating water - Readily implementable. However, | Moderate X
Chemical Adsorption activated carbon by passing water streams that contain organic will likely require upstream and capital cost. (as part of
Treatment through a carbon column. contaminants at concentrations lower downstream filtration to remove Moderate to treatment
than 10 mg/L. colloidal materials associated with high O&M train)
- May be used as a polishing step in the PCBs and pesticides. costs.
conjunction with other treatment
technologies.
- May be effective for PCB, pesticide,
SVOC, and dioxin/furan removal in
conjunction with filtration.
Adsorption with - Adsorption of contaminants - Activated alumina is the most common - Non-carbon adsorptive media to Moderate X
non-carbon media (primarily inorganics) by passing adsorbent to remove arsenic from remove arsenic and lead from capital cost. (as part of
water through a fixed bed of water. Can reduce arsenic water are readily available Moderate to treatment
media (e.g., activated alumina, concentrations to less than 50 ug/L. commercially. high O&M train)
greensand filtration, proprietary - Adsorption is typically more effective at | - In addition to activated alumina, costs
media). removing As(V) than As(lll). other types of media include (depending on
- When adsorption sites become - Lead may also be removed by activated greensand filtration (KMnO4- cost of media)
filled, the media must be alumina. Effectiveness is closely linked coated glauconite), copper-zinc
regenerated or disposed of and to the pH (most effective at pH 5.5-6.0). granules, surfactant-modified
replaced with new media. - May also be effective for other inorganic zeolite, granular ferric hydroxide,
COPCs. or proprietary media.
- Implementation is influenced by
fouling of the media (i.e., may need
to design backwash system), rate of
groundwater flow, and
groundwater pH (may need
pretreatment or post-treatment).
Chemical / UV - Chemical oxidation with or - Destroys organic contaminants as part - Readily implementable. However, | Moderate X
Oxidation without enhancement with of the treatment process rather than may need a treatability study to capital cost. (as part of
ultraviolet radiation. transferring them to other media. establish appropriate dosages and Moderate to treatment
- Well-established, effective technology to determine whether UV high O&M train)
for organics. treatment is needed, especially for | cost.
- Does not treat inorganics; however, may PCBs, pesticides, SVOCs, and
be used to oxidize As(lll) to As (V) as dioxins/furans.
pretreatment for other process.
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EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General
Response
Action

Technology
Class

Process Option

Description/Definition

Effectiveness

Implementability

Relative
Cost

Evaluation Action

Retain Reject

lon Exchange

- Water is passed through a resin
bed where ions are exchanged
between resin and water.

- Need to match the appropriate

resin to the contaminant being

removed.

Process is often preceded by

filtration to remove suspended

solids and other compounds that
can foul the resins.

- Used more commonly for arsenic
removal than for lead removal.

- Only effective for removal of As(V). If

As(lll) is present, then will need to have

an oxidation step before the ion

exchange treatment to oxidize As(lll) to

As(V).

Typically reduces arsenic concentrations

to less than 50 ug/L (and in some cases

to less than 10 ug/L).

1

Readily implementable. However,
may need a treatability study to
determine loading rate and
achievable effluent concentrations.
Probably will need different resins
for different types of inorganic
contaminants; therefore, may need
multiple treatment vessels.
Typically need to regenerate the
resins, which involves backwashing,
regeneration with ion solution, and
final rinsing to remove the
regeneration solution. This results
in a separate waste stream that
needs to be handled.

Moderate
capital cost.
Moderate to
high O&M
cost.

X
(as part of
treatment
train)

Precipitation / Co-
precipitation

Use of pH adjustment, addition of
a chemical precipitant, and
flocculation to alter chemical
equilibria to reduce solubility of
contaminants.

In co-precipitation, the target
contaminant may be dissolved or
in a colloidal or suspended form.
Dissolved contaminants do not
precipitate, but are adsorbed onto
another species that is
precipitated. Colloidal or
suspended contaminants become
enmeshed with other precipitated
species, or are removed through
processes such as coagulation and
flocculation.

Many processes to remove
inorganics from solution involve a
combination of precipitation and
co-precipitation.

Most frequently used method to remove
inorganics from solution.

Can reduce arsenic to concentrations
less than 50 ug/L (and in some cases to
less than 10 ug/L).

Effectiveness depends on the valence
state of the inorganic contaminant

The effectiveness of precipitation / co-
precipitation relies on complex

chemistry and depends upon a variety of

factors, including the speciation of the
inorganic contaminant, the chemical
precipitants used and their
concentrations, the pH of the water, and
the presence of other chemicals in the
water to be treated.

This process is commonly used in
drinking water and industrial
wastewater plants; therefore, the
materials needed to implement this
process are readily available.

The process usually generates a
sludge residual, which typically
requires treatment such as
dewatering and subsequent
disposal. Some sludge can be
hazardous waste and requires
additional treatment such as
solidification / stabilization prior to
disposal.

Moderate
capital cost.
Moderate to
high O&M
costs
(depending on
types and
dosage of
chemicals and
sludge
disposal)

X
(as part of
treatment
train)

Air Stripping

Aerate water to induce
volatilization of contaminants in a
packed column.

Very effective for VOCs with high
Henry’s Law constants. But high
concentrations (>200 mg/L) may hinder
effectiveness.

- Not effective for PCBs, pesticides, most
SVOCs, or dioxins/furans.

- Readily implementable. However,

may need a treatability study to
determine design parameters.

- May require off-gas treatment,

which may be achieved using (1)
vapor-phase carbon adsorption; (2)

Moderate
capital cost.
Low to high
O&M cost
depending on
whether off-

X
(as part of
treatment
train)
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EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS
Cornell-Dubilier Electronics Superfund Site

South Plainfield, New Jersey

General Technology Process Option Description/Definition Effectiveness Implementability Relative Evaluation Action
Response Class Cost
Action Retain Reject
- Not effective for inorganic catalytic oxidation; or (3) thermal- gas treatment
contaminants. oxidation treatment. is required.
Filtration (reverse | - Separation processes to remove - Typically used as a pretreatment or post- | - Readily implementable. May Moderate X
0smaosis, particles from solution. treatment step for other treatment require a treatability study to capital cost. (as part of
microfiltration, technologies. determine appropriate media Moderate to treatment
media filtration) - Effectiveness depends on selecting the types, especially for removal of PCB | high O&M train)
appropriate process and appropriate colloids. cost.
filtration medium, and proper O&M.
Discharge of Discharge to - Discharge to nearby stream - Effective and reliable means of - Discharge would need to be Low to X
Treated Water surface water (Bound Brook). discharging water. designed to minimize interference | moderate
with OU4 investigation and possible | depending on
remediation. treatment
- Would need to treat groundwater needs
(including inorganics) to
concentrations that comply with
New Jersey Pollutant Discharge
Elimination System (NJPDES)
requirements for FW-2 streams.
Discharge to - Treated water discharged to local - Effective and reliable means of - Readily implementable. Treated Low to X
POTW POTW. discharging water. water from the soil remedy for OU2 | moderate,
at the Cornell-Dubilier site is depending on
currently being discharged to a POTW fees.
POTW.
- Require a permit from the POTW.
Need to verify that the POTW
capacity limits will not be
exceeded.
Deep well - Injection of treated water at the - Effectiveness is dependent on finding - May be difficult to inject high Moderate X
injection site via deep injection wells. transmissive zones in the fractured rock volumes of water into fractured capital cost;
to accept the fluid flow. bedrock, especially if degree of moderate
fracturing diminishes with depth. O&M cost.
- Requires an underground injection
permit from the NJDEP. Extensive
assessment may be needed to
obtain a permit.

N/A — Not Applicable




TABLE 6-1

Cost Estimate for Alternative 1

OPINION OF PROBABLE COST

Site: Comeli-Dubilier Electronics Superfund Site Description: Alternative 1 involves nominal data collection to
Location:  South Plainfield, New Jersey support preparation of CERCLA 5-year remedy reviews. It is

Phase: Feasibility Study (<30% to +50%) - i ,. ) :
Base Year: 2011 assumed that annual sampling will be performed at five existing

Date: July 2011 monitoring locations.
CAPITAL COSTS:
DESCRIPTION Qry UNIT  UNIT COST TOTAL NOTES:
Sample Collection Work Plan 1 lump sum $30,000 $30,000
SUBTOTAL T $30,000
Design/Project Management (4) 10% $3,000
ISUBTOTAL T 83,000
TOTAL CAPITAL COST

OPERATION, MAINTENANCE, AND MONITORING (OM&M) COSTS

DESCRIPTION UNIT UNIT COST TOTAL NOTES:
Annual Costs, Years 1-30 (annual monitoring)
Analytical Laboratory 1 lump sum $35,160 $35,160
Data Validation (10% of analytical cost)(1) 1 lump sum $3,520 $3,520
Field Equipment and Cooler Shipping (2) 1 per event $4,000 $4,000
Sample Collection Labor (3) 110 hour $110 $12,1 00
IDW Disposat 10 drum $500 $5,000
Annual Monitoring Well Maintenance 1 lump sum $1,000 $1,000
. Reports 1 each $15,000 ___$15,000
SUBTOTAL . T 875,780
Project Management (4) 10% $7.578
Engineering and Technical Support (4) 10% $7,578
18UBTOTAL $91,000
Preparation of Five-Year Reviews
Five-Year Review Preparation 1 lump sum $30,000 _$30,000
SUBTOTAL '$30,000
Project Management (4) 10% $3,000
SUBTOTAL $33,000
IPRESENT VALUE ANALYSIS:
TOTAL
COST TOTAL COST  DISCOUNT PRESENT
TYPE COST PER YEAR FACTOR (2.3%) VALUE NOTES:
Capital Cost $33,000 $33,000 1.00 $33,000
Annual Monitoring, Years 1-30 $2,730,000  $91,000 21.50 $1,957,000
5-Yr Reviews, Years 5, 10, 15, 20, 25, 30 $198,000 $33,000 4.11 $136,000
: $2,126,000
TOTAL PRESENT VALUE OF ALTERNATIVE

|[TOTAL NON-DISCOUNTED WORTH OF ALTERNATIVE 1___$2,961,000

Footnotes
1 Includes VOCs, PCBs, and metals at all wells; pesticides, SVOCs, and dioxin/furans at selected wells and ports (see Attachment 1),
2 Includes tubing, pumps, decon equipment, flow-through water quality meters. Also includes ovemnight shipping of coolers.
3 Assume a crew of 3 people and a duration of 3 field days for sample collection. Assume that 1 person spends 2 days doing mob/demob.
4 In accordance with EPA Guide to Developing and Documenting Cost Estimates During the Feasibility Study (EPA 540-R-00-002)
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TABLE 6-2

Cost Estimate for Aiternative 2

Alternative 2 OPINION OF PROBABLE COST
A_wigh_lnsgtuﬂqnal Controls

Site: Comell-Dubilier Electronics Superfund Site
Location:  South Plainfield, New Jersey
Phase: Feasibility Study (-30% to +50%)

Description; Alternative 2 consists of institutional controls and
monitored natural attenuation (MNA) using the existing well network with

Base Year: 2011 2 additional wells to be Installed. Capital costs are incurred in Year 1.
Date: July 2011 O&M costs are incurred in Years 2-30.
IICAPITAL COSTS:
DESCRIPTION QTY UNIT  UNIT COST TOTAL NOTES:
Monitoring Well Installation (1) 4 each $80,000 $320,000
FLUTe Liner Installation (2) 4 each $100,000 $400,000
Oversight for Driller, Geophysics, and Liner Installation ( 600 hour $110 $66,000
MNA Work Plan (4) 1 lump sum $50,000 $50,000
Institutional Controls (5) 1 lump sum $50,000 $50,000
SUBTOTAL T $686,000
Scope and Bid Contingency (9) 15% $13_2,900
Design/Project Management (9) 8% $70,900
|susTOTAL T $204,000
TOTAL CAPITAL COST

’ OPERATION, MAINTENANCE, AND MONITORING (OM&M) COSTS

DESCRIPTION UNIT UNIT COST TOTAL NOTES:
Annual Costs, Years 1-2 (quarterly monitoring)

Analytical Laboratory (6) 1 lump sum $485,200 $485,200
Data Validation (10% of analytical cost) 1 lump sum $48,520 $48,520
Field Equipment and Cooler Shipping (7) 4 perevent - $20,000 $80,000
Sample Collection Labor (four events) (8) 1,200 hour $110 $132,000
IDW Disposal 60 drum $500 $30,000
Annual Monitoring Well Maintenance 1 lump sum $5,000 $5,000
Reports (10) 4 each $30,000 $120,000
SUBTOTAL $900,720
Project Management (9) 8% $72,058
Engineering and Technical Support (9) “10% $90,072.
SUBTOTAL ‘ $1,063,000
Annual Costs, Years 3-5 (semi-annual monitoring)
Analytical Laboratory (6) 1 lump sum $304,100 $304,100
Data Validation (10% of anatytical cost) 1 lump sum $30,410 $30,410
Field Equipment and Cooler Shipping (7) 2 per event $20,000 $40,000
Sample Collection Labor (four eévents) (8) 600 hour $110 $66,000
IDW Disposal 30 drum $500 $15,000
Annual Monitoring Well Maintenance 1 lump sum $5,000 $5,000
Reports 2 each $30,000 $60,000
SUBTOTAL $520,510
Project Management (9) 8% $41,641
Engineering and Technical Support (9) 10% $52,051.
SUBTOTAL $615,000

Page 1of 2



TABLE 6-3a

Cost Estimate for Alternative 3a

Alternative 3a
ource Area Hydraulic Control + MNA+ Inst.Controls; Dischargeto POTW . L . OPINION OF PROBABLE COST
Site: Comell-Dubilier Electronics Superfund Site Description: Alternative 3 consists of Alternative 2 (MNA +Cs)
Il;:catl?n: ?::;r;b:'lamsﬁtelg, ?;wm/‘]eff‘s’w) plus hydraulic control at the source area using two extraction wells.
Ba::eY.ear' 2011 ity Study (-30% ’ It is assumed that average flow will be 40 gallons per minute (gpm).
o On-site ex situ treatment is assumed, followed by treated water
discharge to the POTW. Capital costs and start-up costs are
Date: July 2011 ] incurred in Year 1. O&M costs are Incurred in Years 2-30.
CAPITAL COSTS:
DESCRIPTION QTyY UNIT UNIT COST TOTAL NOTES:
Site Work (1a) 1 lump sum  $100,000 $100,000
Concrete Pad Installation (1b) 3500 $/sq-ft $30 $105,000
Pre-Engineered Building Installation (2) 3500 $/sq-ft $90 $315,000
Trenching from Extraction Wells to Plant (3) 500 linear feet $70 $35,000
Trenching from Plant to POTW Tap (4) 500 linear feet $35 $17,500
Sewer Connection Fee (5) 1 lump sum  $720,000 $720,000
DNAPL Separator (6) 1 lumpsum  $20,000 $20,000
Multi-Media Filters (7) 1 lump sum  $25,000 $25,000
UV Oxidation System (8) 1 lump sum  $260,000 $260,000
Carbon Vessels (9) 1 lump sum $50,000 $50,000
Filter Press (10) 1 lump sum  $20,000 $20,000
Process Water Tanks (11) 23,000 $/gallon $5 $115,000
Chemical Tanks (12) 2,600 $/gallon %10 $26,000
Process Pumps (13) 9 $/pump $3,000 $27,000
Chemical Pumps (14) 6 $/pump $3,000 $18,000
Interior Piping Installation (15) 1 lump sum  §$145,000 $145,000
Inferior Electrical Installation (16) 1 lump sum $87,000 $87,000
Control Panel (17) 1 lump sum  $75,000 $75,000
Permitting (18) 1 lumip sum $25,000 $25,000
Installation of Two Extraction Wells (19) 2 each $16,000 $32,000
Groundwater Extraction Pumps (20) 2 each $1,800 $3,600
SUBTOTAL $2,221,100
Design/Reporting (12%) (21) (22) 12% $266,600
Onsite Construction Management and Oversight (8%) 8% $177,700
Project Management.and Technical Support (6%) 6% $133,300
Scope (Design) Contingency (20%) (22) 20% $444,300
Bid Contingency (20%) (22) 20% $444,300_
TOTAL CAPITAL COST
ISTART-UP COSTS
DESCRIPTION 154 UNIT UNIT COST TOTAL NOTES:
Senior Enginéer Oversight (start-up) 100 $/Hour $160 $16,000
Technician (start-up) - two technicians 320 $/Hour $110 $35,200
Field Monitoring Equipment (start-up) 20 $/Day $150 $3,000
Perdiem / Travel Expense (start-up) 25 $Day $150 $3,750
Misc Materials (start-up) 1 lump sum $2,500 $2,500
SUBTOTAL $60,450
Reéporting (25%) 25% $15,113
Project Management and Technical Support (25%) 25% $15,113_
TOTAL START-UP COST
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TABLE 6-3a

Cost Estimate for Alternative 3a

Alternative 3a

ource Area Hydraulic Control + MNA+ Inst.Controls; Discharge to POTW

26 95% H2S04. Reduce influent pH from neutral to approx. 6.0 SU.

27 20% NAOH. Raise Effluent of GAC to approx. 6.5 SU

28 50% H202. Assume continuous operation at-approx. 100ppm

29 Assume lamp life of 3000hrs each

30 Assume each 2000# vessel has 3 month life

31 Assume production of 2 drums per month

32 Assume production of 2 drums per month

33 Assume one full time operator required to man the plant

34 Assume monthly anaytical samples collected from 4 sample locations

35 Discount rate is obtained from the Office of Management and Budget (OMB) Circular A-94, Guidelines and Discounte Rates for Benefit
Cost Analysis of Federal Programs, December 2010

List of Acronyms T

LS - Lump Sum

LF - Linear Feet

DNAPL - Dense Non Aqueous Phase Liquids

sg:ft - square feet

OM - operation and maifitenance

OPINION OF PROBABLE COST
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TABLE 6-3b

Cost Estimate for Alternative 3b

Alternative 3b 1
Source Area Hydraulic Control +MNA+ Inst.Controls; Discharge to Bound Brook OPINION OF PROBAB LE COST
Site: Comell-Dubilier Electronics Superfund Site Description: Alternative 3 consists of Alternative 2 (MNA + ICs)
Locatlon: South Plainfield, New Jersey plus hydraulic control at the solirce area using two extraction
Phase: Feasibility Study (-30% to +50%) wells. It is assumed that average flow will be 40 gallons per
Base Year: 2011 minute (gpm). On-site ex situ treatment Is assumed, followed by
treated water discharge to Bound Brook. Capital costs and start-
Date: July 2011 up costs are incurred in Year 1. O&M costs are incurred in Years
ICAPITAL COSTS:
DESCRIPTION QTY UNIT UNIT COST TOTAL NOTES:
Site Work (1a) 1 lump sum  $100,000 $100,000
Congrete Pad Installation (1b) 3500 $/sq-ft $30 $105,000
Pre-Engineered Building Installation (2) 3500 $/sq-ft $90 $315,000
Trenching from Extraction Wells to Piant (3) 500 linear feet $70 $35,000
Trenching from Plant to Bound Brook Discharge (4) 500 linear feet $35 $17,500
DNAPL Separator (5) 1 lump sum  $20,000 $20,000
Multi-Media Filters (6) 1 lump sum  $25,000 $25,000
Cattalytic Media Filters (7) 1 lumpsum  $7,500 $7,500
UV Oxidation System (8) 1 lumpsum  $260,000 $260,000
Carbon Vessels (9) 1 lump sum $50,000 $50,000
Filter Press (10) 1 lump sum  $20,000 $20,000
Process Water Tanks (11) 23,000 $/galion $5 $115,000
Chemical Tarks (12) 2,600 $_Igallon $10 $26,000
Process Pumps (13) 9 $/pump $3,000 $27,000
Chemical Pumps (14) 6 $/pump $3,000 $18,000
Interior Piping Instaliation (15) 1 lump sum  $145,000 $145,000
Interior Electrical Instaltation (16) 1 lump sum  $87,000 $87,000
Control Panel (17) 1 lump sum  $75,000 $75,000
Permitting (18) 1 lump sum  $100,000 © $100,000
installation of Two Extraction Wells (19) 2 each $16,000 $32,000
Groundwater Extracticn Pumps (20) 2 each $1,800 $3,600
SUBTOTAL $1,583,600
Design/Reporting (12%) (21) (22) _ 12% $180,100
Onsite Construction Management and Oversight (8%) 8% $126,700
Project Management and Technical Support (6%) 6% $95,100
Scope (Design) Contingency (20%) (22) 20% $316,800
Bid Contingency (20%) (22) 20% ____ $316,800
TOTAL CAPITAL COST
PTART-UP COSTS
DESCRIPTION QTty UNIT UNIT COST TOTAL NOTES:
Senior Engineer Oversight (start-up) 100 $/Hour $160 $16,000
Technician (start-up) - two technicians 320 $/Hour $110 $35,200
Field. Monitoring Equipment (start-up) 20 $/Day $150 $3,000
Perdiem / Travel Expense (start-up) 25 $Day $150 $3,750
Misc Materials (start-up) 1 lump sum $2,500 $2,500
SUBTOTAL $60,450
Reporting (25%) 25% $15,113
Project Management and Technical Support (25%) 25% $15,113
TOTAL START-UP COST '
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TABLE 6-3b

Cost Estimate for Alternative 3b

Alternative 3b
ource Area Hydraulic Control + MNA+ Inst.Controls; Discharge to Bound Brook OPINION OF PROBAB LE COST
23 Electrical consumption based on 60kW UV system plus 15kW for piimps and 10kW for other mlsc uses.
24 95% H2S04. Reduce influent pH from neutral to approx. 6.0 SU
25 20% NAOH. Raise Effluent of GAC to approx. 6.5 SU
26 50% H202. Assume continuous operafion at approx. 125ppm (100ppm + 25pprh résidual for catalytic filter)
27 Assume lamp life of 3000hrs each
28 Assume each 2000# vessel has 3 month life
29 Assumed annual media changeout in all three vessels (1500# x 3) + Disposal
30 Assume production of 2 drums per month
31 Assume production of 2 drums per month
32 Assume one full time operator required to-man the plant
33 Assume monthly anaytical samples collected from 4 sample locations
34 Discount rate is obtained from the Office of Management and Budget (OMB) Ciréular A-94, Guidelines and Discounte Rates for Benefit
Cost Analysis of Federal Programs, December 2010
List of Acronyms
LS - Lump Sum
LF - Linear Feet
DNAPL - Dense Non Aqueous Phase Liquids
sqg-ft - square feet
OM - operation and maintenance
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TABLE 6-4

Cost Estimate for Alternative 4

Alternative 4 OPINION OF PROBABLE COST
[Thermal Source Area Treatment plus MNA + Inst. Controls
f::::aﬁon: g:;“ﬂf':,g‘l‘:f‘ii?; ‘f\"m'; f““e'f“"" Site Description: Alternative 4 consists of Alternative 2 (MNA + ICs) plus
Phase: Feasibility Stu‘dy; (-30% to +50%) thermal treatment in the vicinity of MW-14 using TCH and SEE. On-site
Base Year: 2011 treatment would be performed for water and vapors removed by the
Date: July 2011 SVE and MPE wells, followed by treated water discharge to the POTW.
All thermal treatment costs are incurred in Year 1. Costs are based on
estimate provided by TerraTherm on March 23, 2011.
CAPITAL COSTS":
DESCRIPTION Qry UNIT UNIT COST TOTAL NOTES:
Site Activities Pre Thermal Operation
Mobilization 1 lump sum $248,000 $246,000
Drilling and Well Installation 1 lump sum $3,168,000 $3,168,000
Vapor cover installation 1 lump sum $422,000.0 $422,000
Well-field piping 1 lump sum $853,000 $853,000
TCH power equipment installation 1 lump sum $156,000 $156,000
Steam generation system installation 1 lump sum $81,000 $81,000
Treatment system installation 1 lump sum $925,000 $925,000
Electrical installation, well-field and process 1 lump sum $114,000 $114,000
Instrument and monitoring system installation 1 lump sum $59,000 $59,000
Pre-startup and shakedown 1 lump sum $64,000 $64,000
Thermal Treatment Operations
TCH power equipment rental 1 lump sum $78,000 $78,000
Steam generation system rental 1 lump sum $122,000 $122,000
Effluent treatment system rental 1 lump sum $83,000 $83,000
Labor, travel, per diem 1 lump sum $240,000 $240,000
Process monitoring, sampling, and analysis 1 lump sum $57,000 $57,000
Waste and GAC 1 lump sum $1,000 $1,000
Repair/maintenance 1 lump sum $52,000 $52,000
Tools, rentals, and fees 1 lump sum $19,000 $19,000
Utilities
Power 1 lump sum $1,658,000 $1,658,000
Gas 1 lump suim $248,000 $248,000
Caustic 1 lump sum $2,000 $2,000
Demobilization
Well decomissioning 1 lump sum $201,000 $201,000
Site Cleanance and Demob 1 lump sum $118,000 $118,000
Reporting 1 lump sum $47,000 $47,000
Thermal Vendor Indirect Costs :
Field Support 1 limp sum $68,000 $68,000
Home office support 1 lump sum $114,000 $114,000
TCH licensing fees 1 lump sum $246,000 $246,000
SUBTOTAL $9,442,000
Project Management and Design (13%) (2) 13% lump sum $1,227,500
Onsite Construction Management and Oversight (6%) 6% $566,600
Scope (Design) Contingency (15%) (2) 15% $1,416,300
Bid Contingency (15%) (2) 15% _ $1,416,300
TOTAL CAPITAL COST
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TABLE 6-5

Cost Estimate for Alternative 5

In Situ Chemical Oxidation at Some Area + MNA + Inst. Controls OPINION OF PROBABLE COST|
Site: Comell-Dubilier Electronics Superfund Site Description: Alternative 5 consists of Alternative 2 (MNA + ICs) plus
Location: South Piainfield, New Jersey ISCO using activited perslfate In the vicinity of MW-14. Piiot testing
Phase: Feasibility Study (-30% to +50%) will be performed to refine the Injection radius of influence. Itis
Base Year: 201 assumed that quarterly injections will be performed for a period of 5

years. MNA monitoring would start in year 1 and continue through year,
Date: July 2011 30.
CAPITAL COSTS:
DESCRIPTION Qry UNIT UNIT COST TOTAL NOTES:
Pilot Testing )
Pilot test work plan:and permitting 1 LS $50,000 $50,000
Install injection and monitoring wells 4 EA $8,000 $32,000
Field activities for pilot testing 1 LS 5100.000 $100,000
Pilot test reporting 1 LS $75,000 $75.000
SUBTOTAL $257,000
Full-Scale 1SCO Planning and Well Instaliation o )
Remedial Design and Permitting 1 LS $80,000 $80,000
Mobilization 1 LS $100,000 $100,000
Shallow (4-inch ID, 45 ft bgs, 20 foot open borehole) 35 EA $8,000 $280,000
Intermediate (4-inch ID, 65 ft bgs, 20 ft open borehole) 35 EA $11,000 $385,000
Field oversight (incl. per diem) 120 Day $1,500 $180,000
SUBTOTAL $1,025,000
IsusToTAL "~ $1,282,000
Design and Project Management* 18% $230,760
Construction Managament® 8% $102,560
Scope Contingency* 10% $128,209
Bid Contingency* 10% $128,200
' [TOTAL CAPITAL COST o $1,872,000
(OPERATION, MAINTENANCE, AND MONITORING (OM&M) COSTS
DESCRIPTION Qry UNIT UNIT COST TOTAL NOTES:
ISCO Injections and Monitoring (A ing quarterty injections)
Persulfate (for 4 injections) 11,339 Ibs $1.45 $16,442
25 wt% NaOH (for 4 injections) 1,724 gallons $4.58 $7,896
Injection Contractor 60 day $3,000 $180,000
Analytical Laboratory 1 lump sum $30,900 $30,900
Data Validation (10% of analytical cost) 1 lump sum $3,090 $3,000
Fieki Equipment and Cooler Shipping 4 per event $1,500 $6,000
Sample Collection Labor (four events) 400 hour $110 $44,000
IDW Disposal 12 drum $500 $6,000
Data Evaluation and Reports 4 ea $25,000 $100,000
SUBTOTAL $394,328
Project Management” 8% $102,560
Scope Contingency* 10% $128,200
Bid Contingency* 10% $128,200
TOTAL ANNUAL O8M COST [ s754,000]
|$RE8ENT VALUE ANALYSIS: )
TOTAL ,
COST ) TOTAL COST  DISCOUNT PRESENT
TYPE YEAR COSsT PER YEAR FACTOR (2.3%) VALUE NOTES:
Capital 1 $1.872,000 $1,872,000 1.00 $1,872,000
Annual OM&M 26 $3,770,000  $754,000 4.57 $3,265,000
’ $5,137,000
[TOTAL PRESENT VALUE OF ISCO AT SOURCE AREA $5,137,000
[TOTAL PRESENT WORTH FOR 30 YEARS OF MNA (see separate sheet) $9,170,000.
TOTAL PRESENT WORTH OF ALTERNATIVE 5 $14,307,000
TOTAL NON-DISCOUNTED WORTH $16,863,000
‘ OF ALTERNATIVE 5 (Including MNA)

* Per USEPA 540-R-00-002, *A Guide to Developing and Documenting Cost Estimates During the Fessibity Study®. July 2000,
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TABLE 6-6

Cost Estimate for Alternative 6

Alternative 6
ource Area In Situ Biological Treatment + MNA + Inst. Controls OPINION OF PROBABLE COST]
Site: Cornell-Dubilier Electronics Superfund Site Description: Alternative 6 consists of Alternative 2 (MNA + LT™M)
Location: South Plainfield, New Jersey plus in-situ biological treatment.of chiorinated VOCs In the source
Phase: Feasibility Study. (-30% to +50%) area (defined as the area surrounding MW-14S/D). It is assumed
Base Year: 2011 that one pore volume (secondary porosity) Is approximately 3,500
gallons and that 10 amendment injections of 3500 gallons will be
required, along with the additional of micro-organisms. Capital
costs are incurred in Years 1 (pilot study) and 2. O&M costs are
Date:. . July2011 . incurred in vears 2 to 11
CAPITAL COSTS:
DESCRIPTION QTyYy UNIT UNIT cOST TOTAL NOTES:
Pilot Testing
Pilot test work plan and permitting 1 LS $50,000 $50,000
Install injection and monitoring welis 4 EA $8,000 $32,000
Fleld activities for pilot testing 1 LS $80,000 $80,000
Pilot test reporting 1 LS $60,000 $60,000
SUBTOTAL $222,000
Full Scale Injection Well Installation
Mobilization 1 LS $100,000 $100,000
Shallow. (4-inch ID, 45 ft bgs, 20 foot open borehole) 45 ea $8,000 $360,000
Intermediate (4-inch ID, 65 ft bgs, 20 # open borehole) 45 ea $11,000 $495,000
Field Oversight (incl. per diem) 120 day $1,500 $180,000
SUBTOTAL ' $1,135,000
‘ ISUBTOTAL $1,357,000
Design and Project Management 18% $245,000
Construction Managemient* 8% $109,000
Scope (Design) Contingency 10% $136,000
Bid Contingency 10% $136,000
TOTAL CAPITAL COST
OPERATION, MAINTENANCE, AND MONITORING (OM&M) COSTS (Years 2to 11)
DESCRIPTION QTY UNIT UNIT COST TOTAL NOTES:
Amendment Injections and Monitoring (Assumes annual injections and semi-annual monitoring)
Mobilization 1 LS $10,000 $10,000
Injection Contractor 15 day $3,000 $45,000
Amendment (10% mixture Emulsified Veg. Oil) 350 gal $12.27 $4,295
Micro-organism Innoculation (KB-1*) 1 LS $15,000 $15,000
Oversight 15 day $720 $10,800
Analytical Laboratory 1 lump sum $15,450 $15,450
Data Validation (10% of analytical cost) 1 lump sum $1,550 $1,550
Field Equipment and Cooler Shipping 2 per event $1,500 $3,000
Sample Collection Labor (two events) 200 hour $110 $22,000
IDW Disposal 6 drum $500 $3,000
Data Evaluation and Reports 2 ea $25,000 $50,000
SUBTOTAL $95,000
Project Management* 8% $10,880
Scope Contingency* 10% $13,600
Bid Contingency* 10% $13,600
TOTAL ANNUAL O&M COST
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TABLE 6-7

Remedial Alternatives Cost Summary

OPINION OF PROBABLE COST SUMMARY|
Site: Comell-Dubilier Electronics Superfund Site
Location: South Plainfield, New Jersey
Phase: Feasibility Study (-30% to +50%)
Base Year: 2011
Date: Juiy-2011
|Alternative Description Capital Costs Estimated Remediation Present Value of O&8M  Present Value of MNA+  Total Present
{incl. startup) Time (vears) Costs ICs for Alts 3.4,5,86 Value
emative 1 NO ACTION : $33,000 30 $2,093,000 - $2,126,000
emative 2 MNA + INSTITUTIONAL CONTROLS $1,090,000 30 $8,080,000 —_ -$9,170,000
ternative 3a SOURCE AREA HYDRAULIC CONTROL + MNA + $3,779,000 30 $26,015,000 $9,170,000 $38,964,000
INSTITUTIONAL CONTROLS - DISCHARGE TO POTW
|Alternative 3b SOURCE AREA HYDRAULIC CONTROL + MNA + ) $2,721,000 30 $17,394,000 $9,170,000 $29,285,000
] INSTITUTIONAL CONTROLS - DISCHARGE TO'BOUND BROOK
T\ﬂemative 4 SOURCE AREA THERMAL TREATMENT + MNA + $14,069,000 30 - $9,170,000 $23,239,000
INSTITUTIONAL CONTROLS
Altemative 5 SOURCE AREA ISCO TREATMENT + MNA + INSTITUTIONAL $1,872,000 30 $3,265,000 $9,170,000 $14,307,000
CONTROLS
Alternative 6 SOURCE AREA BIOLOGICAL TREATMENT + ‘MNA + $1,983,000 30 $1,158,000 $9,170,000 $12,311,000
INSTITUTIONAL CONTROLS:
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Cost Estimate - Attachment 1
Summary of No Actlon Alternative Monitoring Program
Cornell-Dubllier Electronics Superfund Site
South Plainfield, New Jersey

_ Years 1 to 30 (annual monitoring)
WellID | Single | Depth Interval (ft D
Screen bgs) =
or Water a @ o ]
FLUTe = 2 Y g s B
ort # S = O o
E ? ]
| = g | & g 2 8
e
Cost per Analysis 2 < g ~ 3 8
g s 2 g & 8
) & & pry 2 & &
|Deep Bedrock Multi-Port Monitoring Wells
ERT-1 1 24 29 1 1 1 1 1 1
2 33 43 1 1 1 1 1 1
3 46 56 1 1 1 1 1
4 59 64 1 1 1 1 1 1
5 67 77 1 1 1 1 1 1
6 100 105 1 1 1 1 1
7 112 117 1 1 1 1 1 1
8 135 140 1 1 1 1 1 1
MW-14S 1 30 35 1 1 1 1 1 1
. 2 4 46 1 1 1 1 1
3 55 60 1 1 1 1 1 1
4 65 _ 70 1 1 1 1 1 1
MW-14D 1 80 85 1 1 1 1 1 1
2 123 _133 1 1 1 1 1
3 199 | 209 1 1 1 1 1 1
MW-16 1 20 30 1 1 1 1 1 ]
' 2 40 50 1 1 1 1 1
3 85 95 1 1 1 1 1
4 108 118 1 1 1 1 1
5 135 145 1 1 1 1 1
6 170 180 1 .1 1 1 1
7 195 205 1 1 1 1 1 1
MW-20 1 25 35 1 1 1
2 85 95 1 1 1
3 125 135 1 1 1
4 175 185 1 1 1
5 205 215 1 1 1
6 250 260 1 1 1
7 297 307 1 1 1
) 8 355 365 1 1 1
MW-23 1 60 70 1 1 1
2 120 130 1 1 1
3 170 180 1 1 1
4 226 236 1 1 1
5 258 268 1 1 1
[} 316 326 1. 1 1
7 350 360 1 1 1
8 406 416 1 1 1
9 444 454 1 1 1
SUBTOTAL 39 “22 22 39 39 12
] I .
FIELD QC SAMPLES .
!Dggiicate 10% for all analyses 4 22 2.2 3.9 3.9 1.2
MS/MSD ___[5% for all analyses (countsas{ 4. 2.2 2.2 3.9 3.9 1.2
Trip Blank |1 for every 15 VOC samples | 3
TOTAL NO. OF SﬂPLES 50 . 264 264 46.8 46.8 144
TOTAL COSTS | $5115 $4,782 $3,142 $4566 $6,032 $11 ,520

Notes:
1 MNA Parameters includes iron (dissolved), chloride, nitrate, sulfate, manganese, alkalinity, and dissolved organic carbon
2 Costs of analyses for trace volatiles, semi-volatiles, pesticides, PCB aroclors, and TAL metals are obtained from CLP prices
posted by USEPA. The mean analytical iaboratory price for 21-day turn around is used. Costs for the other analyses
are obtained from laboratory quotes.

'Shaded Well IDs indicats thatwell is located on the former CDE facility

Page 1 of 1




SapI022020jeYeQ| 00 mhmw_

05

Years 16 to 30 (per year)

susuieBLiBiIBIB: n000S1$ wlvlvlvlv|lv|v|v|w|w|wlw 55555.5555555555555555555555555555.555555.555.55555 VWLV L nnwvuwunlowowolonwolvolo/n
S e o|o|o|o|o|o|o|o|o|o|o|o 00000000000000000000000000000000000000000000000 oo ojooooooolo o oolooolooleo
sisjowesed YN[ 00'691§| wiv|vlviv|v|v|v|v{v|n{nv 555555555.5555.555.5555555555555.5_55,3555555.5.5.55555555555"5555,55555,555w55555
| | |

© 00 n | 0w nulolv

w w

sJausbuo) g0d|00 0068 o oSlo o o|o/o/ojo/c o

. w w w 0w WwLion v W

SueIN 4/suixoiqgf 00°008$| = b o o ooojlo|o|o

(SW-dO1) sielo TVL{68'8ZLS |
WY v Vv v Y wn '} 5.555.5,5555555.5555555555555555555.5.555555555555555555555.5555555555.5.55555
oo ooooaoo o 000000000000000000000000000000000000000000000000000000000,000000000000
10000y 90d| /G268 B0 W YW WY Wn w WIRBWLILIWY|VIVIVINIL LYWV BBV VL Y VLIvn oL vnvlonvvvolonsooloons BB VW LYWL VY LYYW vnlon ool ool uvle v
o ooooooo o 000000000000000000000000000000000000000000 oo ooojooojloolojoooojoolcolocolo oloo
sepionsad| 0064 1§| 0D 00|00 |V|Y|YV WY Y[v WL nwuln nvwnwwonn wwvwvvluvuvlovlvv
o000 o000 oo oo o ojlojooooojociolo oo olo/loojo|o|ojo/ojo/o
SeljeOA-IWaS| #1 18LS Wwwnvwnninwnnnn wunuvnunnnuunluvnnnnn v vulonvlounlv v
o000 00000 oo o ooocoooolojoolooo oo oo ocojloolojo/ojoo
]

salie|on a0es)|6Z'Z0L 8| VLYWL WLWLWLWnnnnn 5555,555555555.555555.5.5555555555555555 VIV W VWLV LIV WYYV Ylnnnnn oo ool ooloolols
= OO0 0000000 oo O o0 oo oojlooooooooleoooooc]joooooolojleoooooloo 00000000000000,00000000000000000

S9pI020020[eYaQ| 00°5.Z8

auayjajeueyia/eueyaN| 000518

|Sivpweled YNW| 006919

ssauabuog g0d| 000068

sueun4/suixoig| 00° 0089

(SW-dDI) siere V1| 68'8Z1L$

Years 6 to 15 (per year)

slopoly 80d| L5 L6$

sapIoNsad|00°6L L8|

saejoA-was| vl L8Lg

Program

Sa|e|oA 80rlIL(6Z°Z0LS

e e e

B E o o ) ey

$8pI000000[eYa Q| 00°52Z$

Natural

euayie/euee/eueylaN] 00 0618

Cost Estimate . Attachment 2
South Plainfigid, New Jersey

y of

Sirpwesed YNW| 00 69L$

Cornell-Dubilier Electronics Superfund Site

s1auabuo) g0d|00 006%

SueJn 4/suixoiq| 00°008%|

(SW-dOI) sietoi TVL|68'8ZL |

Years 3 to 5 (per year)

siojpoly 80d| LS 268

59pIoNsad|00'6L1$

S8neoA-WasS| ¥ L8LY

sa|ejoA aoel | |6Z'Z0LS)

o~ N e N

oo N N e

oo o v o e oy

o ov v v o e e

NN N N N o

OO O N e

NI o o e e ey

NN o N NN

el e -

i R e R

I TV

o~

OO NN e e

O OO N o N o

S8pI002020[eYA| 00 GLZS|

ausyla/eueYlR/EURYIBN| 00 051 8]

[Sisjowesed YNWI00 LZL$

suauabuog g0d| 000068

Years 1 and 2 (per year)

SR AR AR

LR AR IR AR Ak AR

<= e |

< |w|wlw|w

|||

<<t

|| == -

e

4

Well ID

SueJn 4/suixoi| 00'008$
(SW-dI) sie1en 1| 68'8ZL$
sJoppoly 80d| LS 168
SapINSad( 00 6119
se|jeloA-Was| L 181
S3|1ejoA @01 L|6Z Z0LY|
B o
53 z
ES Z
= P
o
;
= =3
o B S
2ESSE
TR el
w

oo w |
w ] ~ ~ oin 0o g o © © (= w/2INIBn v w 22~ s s V2o v m RV L2uiv o oln o o
2(2/820| 3|3~ 8 BI3|K|8IE2]8 8 8leS & 5|58 8|32 883|823 3|5 (8|5/83|8(2 (22138 8k 2 Bk = 3 2|5 T 2R 2 2818 8 28 2 8218 |2 2l 18|38
2 & - - - = === _ |
|
ol w1
o 215 3R - iR " 58w v wu8|3Incivinn 5 8lovinw R B IRle - v wvle ==
JIIERRIRS 3 & %meﬁa«v%w m.OIJ..IZNﬁ%.lZSNWGMMHW_Mﬂ%.ﬂ%ﬁ%ﬁ%mﬁz.uﬁqnmﬂ13458.@”136915&345680&37ﬂw
= i - - , |
| |
- - - oo -l~e ~lom - - ~lome oo ~]-nimle vo~

ERT-1
ERT-2
ERT-3

Shallow Bedrock Monitoring Wells
Deep Bedrock Multi-Port Monitoring Wells

ERT-4

ERT-5

ERT-6
ERT-7

ERT-8

MW-13

Page 1of 2

4

MW-143
MW-14D
MW-155 |
MW-15D




TABLE 6-8

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES
Cornell-Dubilier Electronics Superfund Site
South Plainfield, New Jersey

Alternative 1
No Action

Alternative 2
MNA with ICs

Alternative 3
Source Area Hydraulic Control
with MNA and ICs

Alternative 4
Source Area Thermal
Treatment with MNA and ICs

Alternative 5
Source Area In Situ Chemical
Oxidation with MNA and ICs

Alternative 6
Source Area In Situ Bio-
remediation with MNA and ICs

Threshold Criteria’

Overall protection of
human health and the
environment

NO — No actions would be
performed, and only cursory

monitoring would be performed
to enable preparation of CERCLA

five-year reviews.

There would be no

administrative system to control

exposure to contaminated

groundwater or to monitor the Tl

zone. Therefore, RAOs would
not be met.

YES — Potential human
exposure to groundwater
would be controlled by the
establishment and monitoring
of a CEAand a Tl zone. A
rigorous monitoring program
would be put in place to verify
that contaminants are not
migrating beyond the CEA and
Tl zones at concentrations that
could pose a risk to receptors.

YES — Potential human
exposure to groundwater
would be controlled by the
establishment and monitoring
of a CEAand a Tl zone. A
rigorous monitoring program
would be put in place to verify
that contaminants are not
migrating beyond the CEA and
Tl zones at concentrations
that could pose a risk to
receptors.

YES — Potential human
exposure to groundwater
would be controlled by the
establishment and monitoring
of a CEAand a Tl zone. A
rigorous monitoring program
would be put in place to verify
that contaminants are not
migrating beyond the CEA and
Tl zones at concentrations that
could pose a risk to receptors.

YES — Potential human
exposure to groundwater
would be controlled by the
establishment and monitoring
of aCEAand a Tl zone. A
rigorous monitoring program
would be put in place to verify
that contaminants are not
migrating beyond the CEA and
Tl zones at concentrations
that could pose a risk to
receptors.

YES — Potential human
exposure to groundwater
would be controlled by the
establishment and monitoring
of a CEA and a Tl zone. A
rigorous monitoring program
would be put in place to verify
that contaminants are not
migrating beyond the CEA and
Tl zones at concentrations that
could pose a risk to receptors.

Compliance with ARARs

YES - ATl zone has been
established for CDE OU3, and

ARARs have been waived within

the boundaries of the Tl zone.

YES - ATl zone has been
established for CDE OU3, and
ARARs have been waived within
the boundaries of the Tl zone.

YES - A Tl zone has been
established for CDE OU3, and
ARARs have been waived
within the boundaries of the
Tl zone.

YES - ATl zone has been
established for CDE OU3, and
ARARs have been waived
within the boundaries of the Tl
zone.

YES - ATl zone has been
established for CDE OU3, and
ARARs have been waived
within the boundaries of the
Tl zone.

YES - ATl zone has been
established for CDE OU3, and
ARARs have been waived
within the boundaries of the T
zone.

Balancing Criteria

Long-term effectiveness
and permanence

The effectiveness of natural

attenuation processes would be

unknown without an adequate
monitoring network, and there
would be no means to monitor
the Tl zone.

Alternative 2 includes a robust
monitoring system to
document groundwater quality
and to monitor the Tl zone.
FRACTRAN model results
indicate that chlorinated
ethenes will persist at
concentrations exceeding
ARARs for very long time
periods. However, the
expectation is that the rate of
plume front migration is very
slow due to attenuation via
matrix diffusion.

Hydraulic control in the source
area would provide minor
groundwater quality
improvements; however, the
time to achieve these benefits
is long and chlorinated ethene
concentrations still remain
elevated for long time periods.

Thermal treatment in the
source area would provide
minor groundwater quality
improvements; however, the
time to achieve these benefits
is long and chlorinated ethene
concentrations still remain
elevated for long time periods.

In situ chemical oxidation
treatment in the source area
would provide minor
groundwater quality
improvements; however, the
time to achieve these benefits
is long and chlorinated ethene
concentrations still remain

elevated for long time periods.

In situ biological treatment in
the source area would provide
minor groundwater quality
improvements; however, the
time to achieve these benefits
is long and chlorinated ethene
concentrations still remain
elevated for long time periods.
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Source: Herman, 2001
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FIGURE 1-7
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University of Guelph DFN Field Approach:
Characterization of Bedrock Groundwaters:
Contaminant Transport and Source Water Vulnerability Assessments
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November 15, 2009 Assess transport, fate, and impacts to receptors

The Discrete Fracture Network Approach (DFN) idealized investigation flow chart used to for the characteroization of
fractured bedrock environments

MALCOL Cornell-Dubilier Electronics Discrete Fracture Network (DFN) Fioure 2-1
IRNI Superfund Site - OU3 Investigation Approach 9
! South Plainfield, New Jersey




DNAPL Release

Groundwater

Movement ——)

Mass Sorbed to and
Dissolved into Matrix Mass in Aqueous Phase

Groundwater

Movement —)

Former DNAPL
Release Area Mass Soibed o and Plume Retardation due

. Dissolved into Matrix to Sorption and Degradation

Groundwater

Movement —>

lllustration of the conceptual stages in the evolution of a chlorinated solvent DNAPL release in fractured sedimentary
bedrock over time: a) DNAPL flows into the fracture network and begins to dissolve and diffuse into the rock matrix;
b) All DNAPL mass has dissolved, and the majority of contaminant mass has diffused into the rock matrix or sorbed
onto fracture surfaces; c) Groundwater movement through the fracture network has redistributed the source mass
downgradient, the source zone concentrations are decreasing and the plume front is approaching stability. Diffusion,
sorption, and degradation continue to affect long term plume stability. (adapted from Parker et al. 2010)

N\;\LCOL

L
B

Cornell-Dubilier Electronics
Superfund Site - OU3

South Plainfield, New Jersey

Evolution of Source Zone and
Plume in Fractured Sedimentary Rock

Figure 2-2
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MALCOLM Cornell-Dubilier Electronics Pore Water and Rock
IRNIE Superfund Site Matrix Trichloroethene FIGURE 2-4
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